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light-producing, surrounded by the Himayat mountain, situated 
in the middle of the N and ana forest, made of jewels, and cylin- 
drical in shape. 

The height of the Meru mountain taught here is quite different 
from the teachings of the Pura^as. It is also different from the teachings 
of the Buddhists and the Jaiuas. 

According to the Puranas, the Meru mountain is 84,000 yojanas 
high, of which 16,000 yojanas lie inside the Earth. 2 According to the 
Buddhists, it is 1,60,000 yojanas high, of which 80,000 yojanas lie sub- 
merged in water and 80,000 yojanas above the Earth. 3 According to the 
Jainas, it is 1,00,000 yojanas high, of which 1000 yojana* lie inside the 
Earth and 99,000 yojanas outside the Earth. 4 

The commentator Nilakantha thinks that the above stanza is 
meant to refute the enormous size of the Meru advocated in the Purd&as 
and elsewhere. The commentators Bhaskara I, Somesvara and 
Raghunatharaja, however, reconcile the two views by interpreting the 
word Meru as meaning "the highest peak of the Meru mountain". 

It seems that, according to the instruction of verse 8 above, 
the maximum uplift of the earth cannot exceed one yojana and so 
the height of any mountain cannot be greater than one yojana. This 
is perhaps the reason that Aryabhafa takes the height of the Meru 
mountain as one yojana only and not more. 

Combining the instructions given in A, i. 7 with those given 
above, we see that, according to Aryabhafa I, the Meru mountain 
is cylindrical in shape, with its diameter and height each equal to 
one yojana. 



1. D. E. mi 

2. See \ ayu-purana, ch. 34, gnthn 1-45 ; ch. 35, gatha 11-32 ; 
Visnupurana, Am'sa 2, ch. 2, gStha 5-19 ; Markandeya-purSna, ch. 54, 
gmha 5-19 '; Matsya-purana, ch. 113, gatha 4-40. 

▼3. See Abhidharmakosa of Vasubandhu. 
4. See Lokaprakasa, 18.15-16. 
A, fib. 16 
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In calling the Meru mountain as 'light-producing* Aryabhaja I 
probably has in mind the 'northern lights' or the 'aurora', which Robert 
H. Baker describes in the following words : 

"Characteristic of many displays of the 'northern lights' of our 
atmosphere is a luminous arch across the northern sky, having 
its apex in the direction of the geomagnetic pole. Rays like 
searchlight beams reach upward from the arch, while bright 
draperies may spread to other parts of the sky, altogether often 
increasing its brightness from 10 to 100 times that of the 

ordinary night sky 

"The light of the aurora is believed to be produced by the 
streams of protons and electrons, which emerge from solar 
upheavals and are trapped by the Earth's magnetic field 

"Most of the light of an auroral display is produced in the 
colors green, red and blue by the combining of electrons with 
oxygen atoms and nitrogen molecules. . . . * n 
The Meru mountain is supposed to be made up of jewels of 

different colours because the light of an auroral display is of various 

colours. 

THE MERU AND THE BADAVAMUKHA 

12. The heaven and the Meru mountain are at the centre of the land 
(i.e., at the north pole); the hell and the Badavamukha are at the 
centre of the water {i.e., at the south pole). 5 The gods (residing 
at the Meru mountain) and the demons (residing at the Badava- 



1. See Robert H. Baker, Astronomy, East- West Student 
Edition, New Delhi, 1965, pp. 312-14. 

2. E. Go. Pa. 3*: ; F. \® rev. to W: I Pr reads ^fe TOT- 

3. F. «g*g*r; Pr. sPTTigTr 

4. Ni. So. Ya. fe*RTr 

5. C/. SiDVu H, iv s 4 ; VSt, Gbla, vii. 11. 
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mukha) consider themselves positively and permanently below 
each other. 1 

The above statement is based on the conception that half of the 
Earth lying north of the equator is land and half of the Earth lying 
south of the equator is water. 

THE FOUR CARDINAL CITIES 

13. When it is sunrise at Lanka, it is sunset at Siddhapura, midday 
at Yavakoti, and midnight at Romaka. 6 

The time-distance relation v explained here with the help of four 
cities supposed to lie on the equator separated by one-quarter of the 
Earth's circumference. 

Lanka is supposed to be at the place where the meridian of 
Ujjayim (long. 75°.43 E., lat 23°.09 N) intersects the equator, 
Yavakoti 90° to the east of Lanka, Romaka 90" to the west of Lanka, 
and Siddhapura diametrically opposite to Lanka. 

POSITIONS OF LANK5. AND UJJAYINI 

14. From the centres of the land and the water, at a distance of one- 
quarter of the Earth's circumference, lies Lanka ; and from 
Lanka, at a distance of one-fourth thereof, exactly northwards, 
lies Ujjayini. 8 



1. Cf. PSi, xiii. 3 ; MSi, xvi. 7 (a-b). 2. F. ^rmw^nt: 



3. 



So. vprttert 4 - D ' ^^ 



5. B. fa^fosfcr ; Ni. So. fsra3fc«ftw 

6. Cf. PSi, x\Jl3. 

7. Ni. SH. qwWnflr; Gh. NI. Pa. Ra. SB. note both readings 

8. The same statement is made in KR, u 33 (a-b); SiDVf, II, 
mmnakofa, 40 (c-d) ; SiSi, II, Bhuv<maho?a t 15 (a-b). 
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The positions of Lanka and Uifayim have been give n because 
the Hindu prime meridian is supposed to pass through them. By stating 
the positions of Lanka and UjjayinI, Aryabhafa has, by implication 
defined the position of the prime meridian. 

The distance of UjjayinI from Lanka as stated in the above 
passage is one-sixteenth of the Earth's circumference. This makes the 
latitude of UjjayinI equal to 22° 30' N. This is in agreement with the 
teachings of the earlier followers of Aryabhata, such as Bhaskara P 
(A.D. 629), Deva* (A. D. 689), and Lalla* and the interpretations 
of the commentators SomeSvara, Sttryadeva (b. A.D. 1191) and 
ParameSvara (A.D. 1431).* Even the celebrated Bhaskara IP (A.D. 
1150) has chosen to adopt it. 

But Brahmagupta (A.D. 628) differed from this view. He takes 
UjjayinI at a distance of one-fifteenth of the Earth's circumference from 
Lanka 6 , and likewise the latitude of UjjayinI as equal to 24° N. Some 
of the commentators of Aryabhatiya, who favoured Brahmagup.ta's 
view, changed the reading taccaturafnie into pancadasamte. The 
commentator SOryadeva, who first interprets the original reading 
taccaturamie, later remarks : 

Ujjayim tahkayah pahcadaiaMe samottaratah \ 
(i. e., UjjayinI is at a distance of one-fifteenth of the Earth's circum- 
ference to the exact north of Lanka) is the proper reading because 
Brahmagupta writes : 

Lahkottarato 'vanti bhuparidheh pancadaiabhuge \ 

(i.e., Avantlis to the north of LankS at a distance of one-fifteenth 
of the Earth's circumference)." 

In defence of the reading pancadatemie, Stlryadeva again 
says : 



1. See his comm, on A, i. 7, where he gives the distance 
between Laaka and UjjayinI as approximately equal to 200 yojanas. 

2. See KR, i. 33 (a-b). 

3. See SiDVr, II, Bhuvanakosa, 40 (c-d). 

4. Paramesvara notes the other reading trs^srf^r also. 

5. See SiSi, ll t Bhuvanakosa , 15 (a-b). 

6. See BrSpSi, xxi. 9 (c-d). 
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"24° to the north of Lanka lies Ujjayinl. So, when the Sun 
is situated at the end of Gemini, then, due to its greatest decimation 
of 24°, it causes midday when it is exactly overhead at Ujjayini. In 
a place to the north of Ujjayinl, the Sun is never exactly overhead. 
To the south (of Ujjayini), it is exactly overhead when the Sun's 
north declination becomes equal to the latitude of the place. There- 
after it gets depressed towards the north. So the instruction of Ujjayinl 
for the knowledge of a place having a latitude equal to the Sun's 
greatest declination is appropriate. We Fdo not see any use in the 
instruction of Ujjayini lying at a distance of one-sixteenth of the Earth's 
circumference (to the north of Lanka), for its latitude being 22°30' N.. 

it is of no use anywhere So we have rightly said: Ujjayinl 

lahkayah pancadaittmse samoitaratah" 

The commentator NilakantM (1500 A.D.) mentions the reading 
taccaturamie but adopts the reading pancadasamie taking it to be 
correct. Writes he : 

"Some read taccaturamie. According to them the word tat 
means one-fourth of the Earth's circumference, one-fourth of 
one-fourth is indeed one- sixteenth. So there is difference of 
meaning between the two. (However,) between facts there can 
be no option. So only one of the two readings is correct. 
Which of the two is correct can be decided upon from the 
equinoctial midday shadow at Ujjayini. That the janapada 
of Ujjayini lies at a distance of one-fifteenth of the Earth's 
circumference is well known from other works on astronomy. 
For the son of Jisnu (i.e., Brahma gupta) writes : 

'Avanti is to the north of Lanka at a distance of one-fifteenth 
of the Earth's circumference*. 

So also writes Varahamihira, who belonged to Avanti : 

'When the Sun is at the end of Gemini, it revolves 24° above 
the horizon of the gods ; and at Avanti it is then exactly 
overhead (at midday)'. 

This shows thatthe latitude there is 24°. Now 24° is one- 
fifteenth of aHircle and not one-sixteenth, because there are 
360° in the whole circle and 24° is one-fifteenth of 360°. So 
the reading paftcadatamie is the correct reading." 
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But he adds : 

"However, that janapada being large and the latitude being 
different at different places, somewhere (in that janapada) a 
latitude of 24° is also possible. Whether it occurs at Ujjayini 
or not, can be decided (only) by the people there. Varaha- 
mihira has shown it to be 24° in respect of his village. Following 
him the son of Jisnu, too, has said the same. But Ujjayini is 
to the south of that (village). There a latitude of 22£ degrees 
is also possible. In that case the other reading (taccaturamse) 
would be correct, for latitude has been stated (here) for 
Ujjayini (and not for the village of Varahamihira)." 

The commentator Raghunatha-raja (1597 A.D.) adopts the 
reading pancadainmie. He interprets the reading taccaturamse also, 
but he prefers the other reading on the same grounds as given by 
Suryadeva. 

The majority of the Hindu astronomers, however, favours 
Brahmagupta's view and takes the latitude of Ujjayini as 24° N. But 
there is no doubt that according to Aryabhaja I it is 22* 30' N. 

VISIBLE AND INVISIBLE PORTION OF 
THE BHAGOLA 

15. One half of the Bhagola as diminished by the Earth's semi, 
diameter is visible from a level place (free from any 
obstructions). The other one. half as increased by the Earth's 
semi-diameter remains hidden by the Earth. 1 

What is meant is that that portion of the Bhagola is visible at a 
place O on the Earth's surface which lies above the sensible horizon 
at O, i.e., which lies above the tangent plane to the Earth's surface 
at O, and that portion of the Bhagola which lies below the sensible 
horizon at O is invisible at O. 



1. Cf. §WVr II, vi. 35, 
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From this we easily deduce that according to Aryabhata I 
Sun's mean horizontal parallax = 3' 56* 
Moon's mean horizontal parallax=52' 30", 
the corresponding modern values being 8"'794 and 57' 2'-7, respectively. 

MOTION OF THE BHAGOLA FROM THE NORTH 
AND SOUTH POLES 

16. The gods living in the north at the Meru mountain (i.e., at 
the north pole) see one half of the Bhagola as revolving from 
left to right (or clockwise) ; the demons living in the south 
at the Badavamukha (i.e., at the south pole), on the other hand, 
see the other half as revolving from right to left (or anti- 
clokwise). 2 

VISIBILITY OF THE SUN TO THE GODS, 
MANES AND MEN 

jiftmrari forc ^$w: grafts *3^ » ?« II 

17. The gods see the Sun, after it has risen, for half a solar 
year ; so is done by the demons too. 3 The manes living 
on (the other side of ) the Moon see the Sun for half a lunar 
month ; 4 the men here see it for half a civil day. 5 

This verse stating how long do the gods (living at the north 
pole), the demons (living at the south pole), the manes (living on 
the other side of the Moon) and men see the Sun after it has: 
once risen. 



1. 


All others except So. sPTfl3T»f 


2. 


Cf. PSi, xiii. 9. 


3. 


Cf. PSi, xiii. 27. 


4. 


Cf PSi, xiii. 38. 


S. 


Cf PSi* xv. 14. 
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2. Khagola 
THE PRIME VERTICAL, MERIDIAN AND HORIZON 

18. The vertical circle which passes through the east and west 
points is the prime vertical, and the vertical circle passing 
through the north and south points is the • meridian. The 
circle which goes by the side of the above circles (like a 
girdle) and on which the stars rise and set is the horizon. 1 

P.C. Sengupta's remark that "here we have the rational horizon 
and not the apparent horizon" is incorrect. 

Since the centre of the Khagola is at the observer lying on the 
surface of the Earth, the horizon is evidently the apparent or sensible 
horizon and not the rational horizon. 

EQUATORIAL HORIZON 

19. The circle which passes through the east and west points and 
meets (the meridian above the north point and below the 
south point) at distances equal to the latitude (of the place) 
from the horizon is the equatorial horizon (or six o' clock 
circle) on which the decrease and increase of the day and 
night are measured. 2 

THE OBSERVER IN THE KHAGOLA 



1. Cf. SiDVr, II, ii. 2 ; VSi, Gola, iv 2. ; SiSe, xvi. 29 (d) ; 
Si&l, II, vi. 3 (c-d) ; vii. 2 (o-d). 

2. Cf BrSpSi, xxi. 50 ; SiDVr. II, ii. 3 ; VSi, Gola, iv. 3 ; 
SiSe, xvi. 30 ; SiSi, II, vi. 4 ; SuSi, II, iv, 4. 

3. F. *q¥, rev. to ^ 
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20. The east. west line, the nadir-zenith line, and the north-south 
line intersect where the observer is. 1 

What Aryabhata I means to say is that the centre of the Khagola 
lies at the observer, or that (the position of) the observer forms the 
centre of the Khagola. 

THE OBSERVER'S D$$M AtfDALA AND DQKKSEPAVRTTA 

^tw^Tfa m^Kf vn% mw$i\ 11 r\ ii 

21. The great circle which is vertical in relation to the observer 
and passes through the planet is the drhmaniala (i. e., the 
vertical circle through the planet). The vertical circle which 
passes through that point of the ecliptic which is three 
signs behind the rising point of the ecliptic is the drkk$epavrtta. 

THE AUTOMATIC SPHERE {GOLA-YANTRA) 

22. The Sphere (Gola-yantra) which is made of wood, perfectly 
spherical, uniformly dense all round but light (in weight) should 
be made to rotate keeping pace with time with the help of 
mercury, oil and water by the application of one's own 
intellect. 

The Gola-yantra is the representation of the Bhagola. 

The method used by Aryabhata for rotating the Sphere 
{Bhagola) at the rate of one rotation per twentyfour hours may be 
briefly described in the words of the commentator SHryadeva as 
follows : 

"Having set up two pillars on the ground, one towards the 
south and the other towards the north, mount on them the 



1. Cf. SiDVr, II, vi. 33-34. 

2. E. Ni. Pa. So. V\J3 



K Bh, 17 
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ends of the iron needle (rod) (which forms the axis of rotation 
of the Sphere). In the holes of the Sphere, at the south and 
north poles, pour some oil, so that the sphere may rotate 
smoothly. Then, underneath the west point of the Sphere, 
dig a pit and put into it a cylindrical jar with a hole in the 
bottom and as deep as the circumference of the Sphere. 
Fill it with water. Then having fixed a nail at the west point 
of the Sphere, and having fastened one end of a string to it, 
carry the string downwards along the equator towards the 
east point, then stretch it upwards and carry it to the west 
point (again), and then fasten to it a dry hollow gourd 
(appropriately) filled with mercury and place it on the surface 
of water inside the cylindrical jar underneath, which is 
already filled with water. Then open the hole at the bottom 
of the jar so that with the outflow of water, the water inside 
the jar goes down. Consequently, the gourd which, due to 
the weight of mercury within it, does not leave the water, 
pulls the Sphere westwards. The outflow of water should 
be manipulated in such a way that in 30 ghatis (=12 hours) 
half the water of the jar flows out and the Sphere makes 
one-half of a rotation, and similarly, in the next 30 ghatis 
the entire water of the jar flows out, the gourd reaches 
the bottom of the jar and the Sphere performs one complete 
rotation. This is how one should, by using one's intellect, rotate 
the Sphere keeping pace with time." 

3. Spherical Astronomy 
(1) Diurnal motion 

THE LATITUDE-TRIANGLE 

23. Divide half of the Bhagola lying in the visible half of the 
Khagola by means of Rsines (so as to form latitude-triangles). 
The Rsine of the latitude is the base of a latitude-triangle. The 
Rsine of the colatitude is the upright of the same (triangle). 

The statement "half of the Bhagola lying in the visible half 
of the Khagola," implies that the radius of the Earth is disregarded 



1. A. awr *r*wM*: 
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here and the centre of the Khagola is supposed to be coincident with 
the centre of the Bhagola. What is meant is the standard Khagola, i.e., 
Khagola for the centre of the Earth. 

A right-angled plane triangle whose sides are proportional 
to Rsin 6, Rcos 8 and R, where R (=3438') is the radius of the 
Bhagola, is called a latitude-triangle (aksa-k$etra). The right-angled 
plane triangle whose sides are equal to Rsin 6, Rcos 6 and R is the 
main latitude-triangle, defined above. 

The latitude-triangles play an important role in the solution 
of the spherical triangles in Indian astronomy. For, a number of 
results in astronomy are obtained simply by comparing two latitude- 
triangles. Because of this importance of the latitude-triangles, Arya- 
bha*a II (c. 950 A. D.) and Bhaskara II (1150 A.D.) have given a list of 
such triangles in their works. "It is only he who is versed in the latitude- 
triangles," adds Bhaskara II, "that enjoys respect, fortune, fame, and 
happiness". 1 

The latitude-triangles 

(Aryabhata IPs list) 



Base 

(1) Rsin0 

(2) equinoctial midday 
shadow 

(3) earthsine 

(4) unmav.$ala$ahku 

(5) other part of agm 

(6) agra 

(7) Rsin 8 



Upright 
Rcos 8 
gnomon (=12) 

Rsin 8 

first part of agra 

unmandalaiahku 

samasahku 



Hypotenuse 

R 

hypotenuse of equinoc- 
tial midday shadow 

agm 

Rsin 8 

earthsine 

taddhrti 



upper part of taddhrti samaiaftku 
(taddhrti— earthsine) 



(Bhaskara II' s additional triangle) 
(8) first part of agra upper part of upper part of 

samaiahku taddhrti 



SiSi, Grahaga^ita^ iii. 13 (c-d) 
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Explanation : When a heavenly body is on the six o* clock 
circle, the perpendicular dropped from it on the plane of the horizon 
is called unma^alaiahku ; the distance of the foot of the perpendicular 
from the east-west line is called the first part of agra ; the 
distance of the heavenly body from the rising-setting line is called the 
earthsine. When the heavenly body is on the prime vertical, the 
perpendicular dropped from it on the east-west line is called soma- 
Satiku ; the perpendicular dropped from it on the rising-setting line 
is called taddhrti ; the distance between the east-west line and the 
rising-setting line is called agra. When a perpendicular is dropped 
from the foot of the samaiahku on the taddhrti, the latter is divided 
into two parts called upper and lower ; when a perpendicular is 
dropped from the foot of this perpendicular on the samasahku, the 
latter is divided into two parts called upper and lower; when from the 
same foot a perpendicular is dropped on the agm, the latter is divided 
into two parts called the 'first part of agra' and the 'other part of agra\ 

KADIUS OF THE DAY-CIRCLE 

24. Subtract the square of the Rsine of the given declination from 
the square of the radius, and take the square root of the difference. 
The result is the radius of the day circle, whether the heavenly 
body is towards the north or towards the south of the equator. 2 

That is, 



day radius = VR 2 — (Rsin S) 2 , (1) 

Rsin AxRsin 24° 



Rsin S=- 



"R" ~~ ' (2) 



"h and 8 being, respectively, the Sun's tropical longitude and declination 
of the heavenly body. 

Aryabhata does not state formula (2) for finding Rsin 8, 
because it can be easily derived by applying the rule of three as 
follows: "When the Rsine of the Sun's tropical longitude is equal to 
R, the Rsine of the Sun's declination is equal to Rsin 24°; what then 



1. B. c. E. sa. g^f Her 

2. Cf. MBh, iii. 6, 
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will be the value of the Rsine of the Sun's declination when the Rsine 
of the Sun's tropical longitude has the value Rsin A ? The result is 
Rsin 8." 

RIGHT ASCENSIONS OF ARIES, TAURUS AND GEMINI 

25. Multiply the day radius corresponding to the greatest declination 
(on the ecliptic) by the desired Rsine (of one, two or three signs) 
and divide by the corresponding day radius : the result is the 
Rsine of the right ascension (of one, two or three signs), 
measured from the first point of Aries along the equator. 4 

Let a, )3 and f denote the right ascensions of one sign, two signs 
and three signs, respectively, and Si, S 2 and 8 3 the declinations at the 
last points of the signs Aries, Taurus and Gemini, respectively. Then 

_ . „ Rsin 30° X Rcos 24° 

Rsin <*■= 

Rcos »! (1) 

_ . a Rsin 60° X Rcos 24° 
Rsin p= — 



Rsin y=- 



Rcos 8, (-2) 

Rsin 90° X Rcos 24° 



Rcos S 3 (3) 

Now, Rcos 8i -=3366', Rcos S 2 =3218' and Rcos 8 3 =3141'. 
Hence substituting these values and simplifying, we get oc=1670' 
p«=3465' and y-5400'. Consequently, 

right ascension of Aries =<*= 1670 respirations 
right ascension of Taurus = p— * = 1 795 respirations 
right ascension of Gemini =y—P= 1935 respirations. 



1. So. ^f 

2. Ra. %srfiT for f E«r»rara 

3. Ra. So. sn^n: 

4. Cf. MBh, iii. 9. 
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The right ascensions of Aries, Taurus and Gemini in the reverse 
order are the right ascensions of Cancer, Leo and Virgo ; and the right 
ascensions of the first six signs, Aries etc. in the reverse order 
are the right ascensions of the last six signs, Libra etc. 

Table 22. Right ascensions of the signs of the ecliptic 





Sign 


Right 


ascension in 


respirations 


Sign 


1 


Aries 




1670 




12 Pisces 


2 


Taurus 




1795 




11 Aquarius 


3 


Gemini 




1935 




10 Capricorn 


4 


Cancer 




1935 




9 Sagittarius 


5 


Leo 




1795 




8 Scorpio 


6 


Virgo 




1670 




7 Libra 



The Indian method for deriving formula (1) is as follows : 

Consider the Celestial Sphere for [a place on the equator. 
Let the first point of Aries coincide with the east point of the horizon ; 
and let A be the last point of the sign Aries, AB the perpendicular 
from A on the eastwest line, and AC the perpendicular from A 
on the plane of the horizon. Also let G be the last point of the 
sign Gemini, GO the perpendicular from G on the east-west line and 
GM the perpendicular from G on the plane of the horizon. 

Then comparing the triangles ABC and GOM, which are 
evidently similar, we have 



AC= 



ABXGM 
GO 

Rsin 30°xRcos 24° 



~ R 

Now Rsin a : R : : AC : Rcos 8. Therefore 

ACXR R sin 30° X R cos 24° 



Rsin a = 



R cos 8 



R cos 8 



The rationales of formulae (2) and (3) are similar, 
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EARTHSINE 

26. The Rsine of latitude multiplied by the Rsine of the given decli- 
nation and divided by the Rsine of colatitude gives the earthsine, 
lying in the plane of the day circle. This is also equal to the 
Rsine of half the excess or defect of the day or night (in the 
plane of the day circle). 2 

That is, 

- . Rsin 8 X Rsin <f> 

earthsine = = 2 — 

Rcos ^ 

This result may be easily obtained by comparing the following 

latitude- triangles ; 

Base Upright Hypotenuse 

(1) earthsine Rsin S agra 

(2) Rsin <f> Rcos j> R 

By the 'excess or defect of the day or night' is meant the amount 
by which the day or night at the local place is greater or less than 
30 ghatis (or 12 hours). 

The earthsine, as the text says, is the Rsine of half the excess 
or defect of the day or night in the plane of the day circle. Since the 
time is measured on the equator, one should first find the corresponding 
Rsine in the plane of the equator and then reduce that to the arc 
of the equator. 

The Rsine of half the excess or defect of the day or night 
in the plane of the equator is called carardhajya and is obtained by 
the following formula : 

„ . earthsine xR 

ctrardhajyn^- day radius 

The corresponding arc of the equator is called carclrdha and gives the 
amount by which the semi-duration of the day or night at the local 
place is greater or less than 15 ghatis. 



1. F. ^TcfiT for f^T 

2. Cf.PSUvr.M; MBh,,iiu6. 
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The cqrardha is also equal to the difference between the oblique 
and right ascensions and so it is called the 'ascensional difference'. 
The oblique ascension is the time of rising of an arc of the ecliptic at 
the local place and the right ascension is the time of rising of an arc 
of the ecliptic at the equator. 

RISING OF THE FOUR QUADRANTS AND OF 
THE INDIVIDUAL SIGNS 

27. The first as well as the last quadrant of the ecliptic rises (above 
the local horizon) in one quarter of a sidereal day diminished 
by (the gha$is of) the ascensional difference. The other two 
(viz. the second and third quadrants) rise in one quarter of a 
sidereal day as increased by the same (i.e. the ghapis of the 
ascensional difference). The times of rising of the individual 
signs (Aries, Taurus and Gemini) in the first quadrant are 
obtained by subtracting their ascensional differences from their 
right ascensions in the serial order ; in the second quadrant 
by adding the ascensional differences of the same signs to the 
corresponding right ascensions in the reverse order. The times 
of risings of the six signs in the first and second quadrants 
(Aries, etc.) taken in the reverse order give the risings of the 
six signs in the third and fourth quadrants (Libra, etc.). 4 

Let Fig. 10 represent the Celestial Sphere (Khagola) for the 
local place. SEN is the horizon, RET the equator, UEV the ecliptic 
and PEQ the equatorial horizon. The small circle WBV is the day 
circle through V (the end of the first quadrant of the ecliptic). 

EV is the first quadrant of the ecliptic. At the moment the 
first point of Aries coincides with E. With the motion of the Celestial 
Sphere E will move along the equator and V along the diurnal circle 



1. D. w cr«Tl«TT 

X E. a%ft 

3. A. E. Gh. Go. Ni. Pa. ^Ht?^«KT: 

4. Cf. PSi, iv. 31 ; LBh, ifi. 6. 
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W 



Fig. 10 




in the direction of the arrowhead. When V reaches A, the whole of 
the first quadrant of the ecliptic, which is at the moment on the point 
of rising above the horizon, will be above the local horizon. So the 
time of rising of the first quadrant of the ecliptic at the local place 
is the time taken by V in moving from V to A, or, what is the same 
thing, the time taken by T in moving from T to C. This time is given 
by the arc 

TC or ET-EC 

of the equator (because time is measured on the equator). Since ET 
is one-fourth of the equator, it corresponds to one-quarter of a sidereal 
day. So the time of rising of the first quadrant of the ecliptic 

=one quarter of a sidereal day— ghafls corresponding to arc EC 
-=15 ghatfs—ghapis of ascensional difference. (1) 

Also, the first quadrant of the ecliptic is, at the moment, 
at the point of rising above the equatorial horizon QEP. When 
the point V reaches the point B, the first quadrant of the ecliptic 
will be completely above the equatorial horizon. The time taken 
by V to reach B is equal to the time taken by T in reaching E. So 
the time of rising of the first quadrant of the ecliptic above the 
equatorial horizon is equal to the arc ET of the equator, which has 
been just shown to correspond to one quarter of a sidereal day or 
15 ghapls. This differs from (1) by the time given by the arc EC of 
the equator. EC therefore gives the difference between the times of 
rising of the first quadrant at the local and equatorial places. EC is, 
therefore, called the 'ascensional difference' of the first quadrant (or 
the ascensional difference of the last point of the first quadrant)* 
A.Bh. 18 
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Hence, from (1), we have 

(1) Time of rising of the first quadrant at the local place 

■=15 ghatis—ghatis of the ascensional difference. 

When the first point of Aries is at E, the first point of Libra 
is at the west point W. The first point of Libra will reach the point E 
exactly after 30 ghofis and then the second quadrant of the ecliptic will 
be completely above the local horizon. Hence we have 

(2) Time of rising of the second quadrant of the ecliptic at the 
local place 

=30 ghatls -(15 ghatis—ghatis of asc. diff.) 
= 15 ghatis+ghafis of asc. diff. 
Similarly, we can show that 

(3) Time of rising of the third quadrant of the ecliptic at the 
local place = 15 ghapls+ghatts of asc. diff. 

(4) Time of rising of the fourth quadrant of the ecliptic at the 
local place- 1 5 ghatis - ghafis of asc. diff. 

Proceeding exactly in the same manner, we can show that 

Time of rising of the sign Aries at the local place 

= Time of rising of the sign Aries at the equator— asc. diff. of 

the last point of Aries . (2) 

Time of rising of the signs Aries and Taurus at the local place 
=Time of rising of the signs Aries and Taurus at the equator— 

asc. diff. of the last point of Taurus. (3) 

Time of rising of the signs Aries, Taurus and Gemini at the local 

place 

=» Tune of rising of the signs Aries, Taurus and Gemini at the 

equator— asc. diff. of the last point of Gemini. (4) 

Diminishing (2), (3), (4), each by the preceding (if any), we have 
Time of rising of the sign Aries at the local place 
==Time of rising of the sign Aries at the equator— asc. diff. of 

Aries. 

Time of rising of the sign Taurus at the local place 

?= Time of rising of the sign Taurus at the equator— (asc. diff. of 

the last point of Taurus— asc. diff. of the last point of Aries) 

==T!im« of rising: of the sign Taurus at the equator— asc, diff. of 

Taurus. 
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Time of rising of the sign Gemini at the local place 
= Time of rising of the sign Gemini at the equator— (asc. diflf. 

of the last point of Gemini— asc. diff. of the last point of Taurus) 

=*Time of rising of the sign Gemini at the equator— asc. diflf. of 
Gemini. 

Let A, B, C be the times of rising of the signs Aries, Taurus, 
and Gemini at the equator and a, b, c the ascensional differences of the 
same signs in their respective order. Then the times of rising of the 
signs at the local place are as shown in the following table. 

Table 23. Times of rising of the signs at the local place 



Sign 


Time of rising 


Sign 


I Aries 


A- a 


12 Pisces 


2 Taurus 


B-& 


11 Aquarius 


3 Gemini 


C-c 


10 Capricorn 


4 Cancer 


C+c 


9 Sagittarius 


5 Leo 


B+£ 


8 Scorpio 


6 Virgo 


A+a 


7 Libra 



RSINE OF THE ALTITUDE 

28. Find the Rsine of the arc of the flay circle from the horizon 
(up to the point occupied by the heavenly body) at the given 
time ; multiply that by the Rsine of the colatitude and divide 
by the radius : the result is the Rsine df the altitude (of the 
heavenly body) at the given time elapsed since sunrise in 
the forenoon or to elapse before sunset in the afternoon. 

By 'the Rsine of the arc of the day circle from the horizon up 
to the point occupied by a heavenly body', is meant the distance of the 
heavenly body from the rising-setting line, irhich is* kno^p as itfghftt. 
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Thus the formula in the text may be stated as 

Rsin (Sun's altitude) — R 

This formula may be obtained by comparing the following 
latitude-triangles : 

Base Upright Hypotenuse 

(1) iahkvagra or Rsin (Sun's altitude) isfahrti 
iahkutala 

(2) Rsin <f> Rcos ^ R 

The method intended by Ayabhaja I may be fully explained in 
the case of the Sun as follows : 

"With the help of the Sun's declination and the local latitude 
calculate the Sun's ascensional difference. Subtract the Sun's 
ascensional difference from or add that to the given time 
reduced to asus (1 ghati=360 asus), according as the Sun is 
in the northern or southern hemisphere. By the Rsine of 
that difference or sum multiply the day radius and divide by 
the radius. If the Sun is in the northern hemisphere, add 
the earthsine to the result obtained ; if the Sun is in the 
southern hemisphere, subtract the earthsine from the result 
obtained : the result is the istahrti. Multiply that by the 
Rsine of the colatitude and divide by the radius: the result 
is the Rsine of the Sun's altitude." 

'When the Sun is the northern hemisphere and the given time 
reduced to asus is less than the Sun's ascensional difference 
reduced to minutes of arc, one should proceed as follows : 

'Subtract the asus of the given time from the minutes of the 
Sun's ascensional difference ; multiply the difference by the 
day radius and divide by the radius. Subtract whatever is 
obtained from the earthsine : the result is the istahrti. Multiply 
that by the Rsine of colatitude and divide by the radius ; 
the result is the Rsine of the Sun's altitude as before'." 1 



J, See MBh> jii. 1S-20, 25, Also see PSi, iv, 41-43. 
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4 AN KV AGRA 

29. Multiply the Rsine of the Sun's altitude for the given time by 
the Rsine of latitude and divide by the Rsine of colatitude : 
the result is the Sun's r iahkvagra 9 which is always to the south 
of the Sun's rising.setting line. 8 

The Sun's iahkvagra is the distance of the Sun's projection on 
the plane of the observer's horizon from the Sun's rising-setting line. 
Or, it is the projection of the itfahrti on the plane of the observer's 
horizon. 

The formula stated in the text is 

„ , ¥ Rsin (Sun's altitude) X R sin ^ 
Suns sankvagra— -^ ^ -—, 

which can be easily derived by comparing the following latitude- 
triangles : 

Base Upright Hypotenuse 

(1) Sun's iahkvagra Rsine (Sun's altitude) itfahrti 

(2) Rsin<£ Rcos^ R 
Although the rule is stated for the Sun, it is applicable to any 

heavenly body whatsoever. 

SUN'S AGRA 

3*tt w$n ^nrsiftn <#tf: ftft*r M° n 

30. Multiply the Rsine of the (Sun's tropical) longitude for the 
given time by the Rsine of the Sun's greatest declination and 
then divide by the Rsine of colatitude : the resulting Rsine 
is the Sun's agra on the eastern or western horizon. 3 



1. Gh. ft|3T: for gftra: 

2. Cf. MBh, iii. 54 ; LBh, iii. 16. 

3. Cf. MBh, iii. 37 ; LBh, iii. 21. 
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The Sun's agra is the distance of the rising or setting Sun from 
the east-west line. 

The formula stated in the text is 

Rsin AxRsin 24° 



Sun's agra* 



Rcos^ 

where A is the Sun's tropical longitude, and ^ the latitude of 
the place. 

This formula may be obtained as follows : 
Comparing the latitude-triangles : 

Base Upright Hypotenuse 

(1) earthsine Rsin S agra 

(2) Rsin^ Rcos^ R 

we get 

« > , Rsin S x R 

Sun's agr3= — 5 — . 

Rcos <f> 

But 

Rsin A x Rsin 24° 



Rsin 8 = 

K 

Therefore 

, _ Rsin AxRsin 24° 

Sun's agra=- 



R cos tj> 
RSINE OF THE SUN'S PRIME VERTICAL ALTITUDE 

%^^rq?n &*raaT *f*: i$ik ^: n« ii 

31. When that (agra) is less than the Rsine of the latitude and 
the Son is in the northern hemisphere, multiply that (Sun's 
agra) by the Rsine of colatitude and divide by the Rsine 
of latitude : the result is the Rsine of the Sun's altitude 
when the Sun is on the prime vertical. 1 



U Cf. MBh, ifr 37 (c-d)-3$. 
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That is, 

_, . Sun's agm X Rcos tf 

Rsm a= % . -, 

Rsm <f> 

where a is the Sun's prime vertical altitude: 

This formula may be easily derived by comparing the following 
latitudes-triangles : 

Base Upright Hypotenuse 

(1) agra Rsin a i$}ahrti 

(2) Rsin <j> Rcos <j> R 

The conditions necessary for the existence of the prime vertical 
altitude of the Sun are t (1) that the Sun should be in the northern 
hemisphere, and (2) that the Sun's declination should be less than the 
latitude of the place. The condition given by Aryabhata that the 
Sun's agra should be less than the Rsine of the latitude is incorrect. 
Brahmagupta (A.D. 628) has therefore rightly criticised Aryabhata on 
this account : 

"The statement (of Aryabhata) that the Sun, in the northern 
hemisphere, enters the prime vertical when the (Sun's) agra is 
less than the Rsine of the latitude is incorrect, because, this 
happens when the Rsine of the (Sun's) declination satisfies 
this condition (and not the Sun's agra)" 1 

It is interesting to note that the commentator Bhaskara I 
(A.D. 629), committed the same error in his Maha-Bhaskanya 2 , but 
he has corrected himself in his Laghu-Bhaskarxya? 

Snryadeva (b. A.D. 1191), SomeSvara,, and other commentators, 
however, have interpreted the word sa as referring to the Sun's 
declination and motto the Sun's agra. 

Although the rule in vss. 30-31 is stated for the Sun, it is appli- 
cable to any heavenly body whatsoever. 



1. BrSpSi, xi. 22, 

2. MBh, iii. 37. 

3. LBh, iii. 22, 
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SUN'S GREATEST GNOMON AND 
THE SHADOW THEREOF 

ftfosns mwjH\ *n wit m <rct ^^^: I 

32. The Rsine of the degrees of the (Sun's) altitude above the 
horizon (at midday when the Sun is on the meridian) is the 
greatest gnomon (on that day). The Rsine of the (Sun's) 
zenith distance (at that time) is the shadow of the same 
gnomon. 

The Sun's zenith distance at midday 
=^~S or <f>±S, 
according as the Sun is in the northern or southern hemisphere. 

Consequently, the greatest gnomon or the Rsine of the Sun's 
altitude at midday 

=Rcos(^~8) or Rcos tf+S), 
and the shadow of the greatest gnomon or the Rsine of the Sun's zenith 
distance at midday 

= Rsin(^-S) or Rsin (</>)-*), 
according as the Sun is in the northern or southern hemisphere. 

(2) Parallax in a solar eclipse 

RSINE OF THE ZENITH DISTANCE OF 
THE CENTRAL ECLIPTIC POINT 

g^^^mf^ft^^ w^?: MM 

33. Divide the product of the madhyajya and the udayajya by the 
radius. The square root of the difference between the squares 
of that (result) and the madhyajya is the (Sun's or Moon's) own 

dfkkfepa.* 



1. F. STf^te^ 

2. Cf. PSi, ix, 19-20 ; MBh, v. 19 s 
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The Sun's madhyajya is the Rsine of the zenith distance of the 
meridian ecliptic point. The Sun's udayajya is the Rsine of the 
amplitude of the rising point of the ecliptic. The Sun's drkk$epa(jya) 
is the Rsine of the zenith distance of that point of the ecliptic which is 
at the shortest distance from the zenith. 

The Moon's madhyajya, is the Rsine of the zenith distance of 
that point of the Moon's orbit which lies on the observer's meridian. 
The Moon's udayajya is the Rsine of the amplitude of that point of the 
Moon's orbit which lies on the eastern horizon of the observer. The 
Moon's drkksepa(jya) is the Rsine of that point of the Moon's orbit 
which is at the shortest distance from the zenith. 

Let Z be the zenith, M the meridian ecliptic point and C that 
point of the ecliptic which is at shortest distance from the zenith. Then 
in the triangle ZCM 

Rsin (arc ZM) = Sun's madhyajya, 
Z ZCM =90°, 
and Rsin (MZC) = Sun's udayajya* 

Therefore 

,,~x Rsin (arc ZM) x Rsin (MZC) 
Rsin (arc MC) = £ -^- 

Sun's madhyajya x Sun's udayajya. 

{ The final result, viz. 

Sun's drkk§epajya — \/ (Sun's madhyajya) 2 — (Rsin MC) a 
is obtained by treating the triangle formed by the Rsines of the sides 
of the triangle ZCM as a plane right-angled triangle (which assumption 
: . h however incorrect). 

i, The Moon's drkk$epajya has been similarly obtained by taking 

f, the Moon's orbit in place of the ecliptic. 

If Brahmagupta has rightly criticised the above rule for being 

I- inaccurate. 1 



1. See BrSpSi, xi. 29-30, 
A. Bh, 19 
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DQGGATIJYJS OF THE SUN AND THE MOON 

34. (i) The square Toot of the difference between the squares of (i) 
the Rsiue of the zenith distance (of the Sun or Moon) and (ii) 
the drkkfepajya, is the (Sun's or Moon's) own drggatijya. 1 

The Sun's drggatijya is the Rsine of the arcual distance of the 
zenith from the secondary to the ecliptic passing through the Sun. 

The Moon's drggatijya is the Rsine of the arcual distance 
of the zenith from the secondary to the Moon's orbit passing through 
the Moon. 

The formula for the (Sun's or Moon's) drggatijya stated in 
the text is 

drggatijyd= <S[Rsm (z.d.)]*—(drkk$epajya)* . 

This formula is correct and can be proved as follows : Let CS 
be the ecliptic and K its pole ; S the Sun and Z the zenith ; KZC and 
KS the secondaries to the ecliptic ; and ZA the perpendicular to 
KS. Since the arcs ZC and ZA are perpendicular to CS and AS 
respectively, 

(Rsin ZA) a =(Rsin ZS) a -(Rsin ZC) a , 

i.e., (Sun's drggatijya)*= (Sun's drgjy£f— (Sun's drkk$epajya)K 

Similarly, 
(Moon's drggatijyay-QAoon's drgjya)*- (Moon's drkfyepajya)*. 

According to Brahmagupta (A.D. 628), this is wrong. Says he : 
"fykksepajya is the base and drgjya the hypotenuse ; the square root 
of the difference between their squares is the driinatijya {= drggatijya). 
This configuration is also improper." 2 

Brahmagupta's criticism is valid if the drggati means "the arc 
of the ecliptic lying between the central ecliptic point and the Sun or 
Moon" as explained by the commentator SOryadeva. 



1. Cf. MBh, v. 23 ; LBh, v, 7(c-d)-8 (a-b). 
J. BrSpSi t J&27* 
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PARALIAX OF THE SUN AND THE MOON 

f%ft§r ^t ^iwn 1 h*totoI sratorai^ 11 $v n 

34. (ii) On account of (the sphericity of) the Earth, parallex 
increases from zero at the zenith to the maximum value equal 
to the Earth's semi-diameter (as measured in the spheres of 
the Sun and the Moon) at the horizon. 

The word drkchaya in the text means parallax. 

The instruction of the text implies, according to the commen- 
tators, the following formulae : 

„ . . . A , Earth's semi-diameter Xdrggatijya 
parallax in longitude— lU — yojanas 

in the sphere of the planet concerned 

Earth's semi-diameter X drggatijya . 

= — i it- : tt- . . — minutes. 

planet s true distance in yojanas 

Earth's semi-diameter xdrkksepajya 

parallax in latitude = R - yojanas 

_ Earth's semi-diameter x drkksepajya . 
— planet's true distance in yojanas 

On the use of the word svadrkksepa, Bhaskara I observes : 

"The orbits of the Sun and the Moon being different, the (five) 
Rsines (viz., udayajya, madhyajya, drkksepajya t drgjyS and 
drggatijya) for them are said to differ. This difference is 
indicated by the words 'svadrkksepa 1 etc. of the Master 
(Aryabhata I)."* 



1. E. m^j&mm 

2. MBh, v. 12, 



148 



GOLA SECTION 



I GoHt Sn. 



2. The visibility corrections 
VISIBILITY CORRECTION AKSAD&KKARMA 
FOR THE MOON 

35. Multiply the Rsine of the latitude of the local place by the 
Moon's latitude and divide (the resulting product) by the Rsiue 
of the colatitude : (the result is the ak$adrkkarma) for the 
Moon). When the Moon is to the north (of the ecliptic), it 
should be subtracted from the Moon's longitude in the case of 
the rising of the Moon and added to the Moon's longitude in the 
case of the setting of the Moon ; when the Moon is to the south 
(of the ecliptic), it should be added to the Moon's longitude (in 
the case of the rising of the Moon) and subtracted from the 
Moon's longitude (in the the case of the setting of the Moon). 3 
That is 



aksadrkkarma 



Rsin ^ X Moon's latitude 



Fig. 11 




1. A.B.C.E.F. Ni. Ra. SO. ?rfam; D. fa^T 2. D. ^a^Stf 
3. The same rule occurs in PSi (Paulisa), [v, 8 ; KK, I, vi. 3 ; 
MSh, vi. l-2(a-b) ; IBh, vi. 1-2 ; KR t v. 2, 
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Let the figure represent the Celestial Sphere (Khagola) for the 
local place in latitude $, SEN is the eastern horizon and Z the zenith : 
YE is the equator and P its north pole ; yT is the ecliptic and K its 
north pole. Suppose that the Moon is rising at the point M' on 
the horizon. Let M be the point where the secondary to the ecliptic 
drawn through M' meets the ecliptic, L the point where the hour 
circle through M' meets the ecliptic and T the point where the horizon 
intersects the ecliptic. Then the arc TL of the ecliptic is called the 
ak$adrkkarma and the arc LM of the ecliptic is called the 
ayanadrkkarma. 

Let A be the point where the diurnal circle through M intersects 
the hour circle through M' and B the point where the diurnal circle 
through M intersects the horizon. Then, since MM' is small, regarding 
the triangle M'AB as plane, we have 

„ A13 Rsin (BM'A)xM'A annt . v 

arc AB = approx. 

Rsin (M'BA) F 

_ Rsin (BM'A)xM'M 

Rsin (M'BA) 

Rsin ^X Moon's latitude 

Rcos <f> ' 

Assuming the ak$adrkkarma as roughly equal to arc AB, 

Aryabhat,a gives 

Rsin 6 X Moon's latitude 
ak$adrkkarma— z -~ -r 

This rule is generally used when the celestial latitude of the 
body concerned is small. When the celestial latitude is large, a more 
accurate rule is prescribed. 1 

VISIBILITY CORRECTION AYANADRKKARMA 
OF THE MOON 

36. Multiply the Rversed sine of the Moon's (tropical) longitude (as 
increased by three signs) by the Moon's latitude and also by the 
(Rsine of the Son's) greatest declination and divide (the resulting 



1. See BrSpSi, x. 18-19; &DV r , /, xi. 12-13 ; and S7& /, 
vii. 6. Bhaskara II gives a slightly modified formula for small 
celestial latitude also. See SiSi, I, vii, 7. The most accurate formula 
occurs in SiTV, vii, 103-104, 
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product) by the square of the radius. When the Moon's latitude 
is north, it should be subtracted frcm or added to the Moon's 
longitude, according as the Moon's ayana is north or south (i.e., 
according as the Moon is in the six signs beginning with the 
tropical sign Capricorn or in those beginning with the tropical 
sign Cancer) ; when the Moon's latitude is south, it should be 
added or subtracted, (respectively). 1 



That is 

Rvers (M +90°) X Moo n's latitude x Rsin 24° 
R a 
where M is the Moon's tropical longitude. 



ayanadtkkarma— a 



The rationale of the formula is as follows : 

From triangle M'MA (See Fig. 11, p. 148), we have 

»„\aa Rsin (MM'A)x Rsin (arc MM') 

arc MA=— — — * — - '— ^ -' approx. 

K 

ayanavalanax Moon's latitude 
= ^ approx. 

But (vide infra vs. 45), we have 

Rvers (M-f90°)xR sin 24° 



ayanavalana— 
.'.arc MA 



R 

Rvers (M f 90°) x Moon's latitude X Rsin 24° 



R 2 

Assuming the arc LM of the ecliptic (which denotes the ayana- 
drkkarma) as approximately equal to arc MA, we have 

R vers (M+90°) x Moon's latitude X Rsin 24° 



ayanadrkkarma= - 



R 2 



When the ayanadrkkarma and ak$adrkkarma are applied to the 
rising or setting Moon, we get the longitude of that point of the ecliptic 
which rises or sets with the Moon. 

There is difference of opinion regarding the interpretation of 
the word utkramanam. The commentator Somesvara interprets it 
as meaning "The Rversed sine of the Moon's longitude as increased 
by three signs", whereas the commentators Bhaskara I, SOryadeva 
and Paramesvara interpret it as meaning "The Rversed sine of the 



1. The same rule occurs in KK, /, vi. 2 ; MBh, vi. 2 (c-d)-3 ; 
LBh, vi. 3-4 ; KR, v. 3. More accurate formulae occur in Si&i^ I, 
vii. 4, 5 an4 in fHTT, vii. 77-80, 
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Moon's longitude as diminished by three signs." 1 The commentator 
Raghunatha-raja interprets it as meaning Rvers (M+90°) or Rvers 
(M— 90°), according as the desired ayana commences with Capricorn 
or with Cancer. 

We have followed Somesvara's interpetation, because it agrees 
with the teachings of Aryabhata in stanza 45 below and also because 
it agrees with the teachings in his midnight system. 2 

Brahmagupta has modified this rule by replacing the Rversed 
sine of the Moon's longitude as increased by three signs by the Rsine 
of the same. The commentator Nllakantha, however, interprets the 
word utkramanam itself as meaning "the Rsine of the complement of 
the Moon's longitude". 

(4) Eclipses of the Moon and the Sun 

CONSTITUTION OF THE MOON, SUN, EARTH AND SHADOW 
AND THE ECLIPSERS OF THE SUN AND MOON 

37. The Moon is water, the Sun is fire, the Earth is earth, and what 
is called Shadow is darkness (caused by the Earth's Shadow). 
The Moan eclipses the Sun and the great Shadow of the Earth 
eclipses the Moon. 

The statement that the Moon is water has proved false. 
OCCURRENCE OF AN ECLIPSE 

38. When at the end of a lunar month, the Moon, lying near a node 
(of the Moon), enters the Sun, or, at the end of a lunar fortnight, 

enters the Earth's Shadow, it is more or less the middle of an 
eclipse, (solar eclipse in the former case and lunar eclipse in 
the latter case). 



1. Govinda-svami, too, says the same thing. Writes he : 

*r?r vp [%[&?&[] sfarerfcnRfre^g^iT i See his comra. on MBh, vi. 3. 

2. See KK, I, vi. 2. 
3» So* ^^«w*nfr 
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Aryabhata evidently takes the time of conjunction of the Sun 
and Moon as the middle of a solar eclipse, and the time of opposition 
of the Sun and Moon as the middle of a lunar eclipse. This is only 
approximately true. 

The phrase "more or less", according to the commentators, is 
indicative of the fact that, on account of parallax, the time of apparent 
conjunction is not exactly the same as that of geocentric conjuction. 

LENGTH OF THE SHADOW 

Multiply the distance of the Sun from the Earth by the diameter 
of the Earth and divide (the product) by the difference between 
the diameters of the Sun and the Earth : the result is the 
length of the Shadow of the Earth (i.e. the distance of the vertex 
of the Earth's shadow) from the diameter of the Earth (i.e. from 
the centre of the Earth). 8 



39. 



That is, 

length of Earth's Shadow = 



Su n's distance X Earth's diameter 
Sun'slliameter— Earth's diameter 



The Hindu method for deriving this formula, called "The lamp 
and Shadow method" (pradipacchaya-karma), is as follows : 

Consider the figure below. S is the centre of the sun and E that 
of the Earth. SA and EC are drawn perpendicular to SE and denote 
the semi-diameters of the Sun and the Earth, respectively. BC is parallel 
to SE. V is the point where SE and AC produced meet each other. 




1. C. E. NI. Sa. 3TOT1T ^fcfcf 

2. Cf. BrSpSi, xxiii 8 ; MBh, v. 71 J tBk, iy. 6, 
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Hindu astronomers compare SA with a lamp post, EC with 
a gnomon, and EV with the shadow cast by the gnomon due to the 
light of the lamp. Consequently, they call EV 'the length of the Earth's 
shadow from the diameter of the Earth'. 

The triangles CEV and ABC are similar ; therefore 

EV = BC SE 

EC AB~ SA— EC 

™ r SE X EC SE X 2 EC 

EV= — 



SA— EC 2 S A- 2 EC ■ 

. , *,. , tj *u» t. j ~ Sun -' s distance X Earth's diameter 

t,e. t length of Earth's shadow= , — . 

* ° Sun s diameter— Earth's diameter * 

EARTH'S SHADOW AT THE MOON'S DISTANCE 

ypspm ftwi fro? w ^rffaswi^ ii «• ii 

40. Multiply the difference between the length of the Earth's shadow 
and the distance of the Moon by the Earth's diameter and divide 
(the product) by the length of the Earth's shadow : the result is 
the diameter of the Tamas (i. e., the diameter of the Earth's 
shadow at the Moon's distance). 3 

That is 

Diameter of Tamas 

(length of Ea rth's shadow— Moon's distance) X Earth's diameter 

length of Earth's shadow * 

The rationale of this formula is as follows : 

See the previous figure (Fig. 12). M is the position of the Moon 
when it is just on the point of entering the Earth's Shadow. MD is 
perpendicular to SE ; so it denotes the semi-diameter of the Earth's 
shadow at the Moon's distance, i.e., the semi-diameter of the Tamas. 



1. B. D. SPTSafCT 

2. Pa. Frfirarwr: 

3. C/. BrSpSi, xxiii. 8-9 ; MBh, v. 72 ; LBh, iv. 7. 

A.Bh, 20 
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The triangles MDV and CEV are similar ; therefore 

MP „ CE 
DV EV 

»#n (EV— ED)xCE 
or MD^ v EV 7 

o xtn (EV— ED) X 2 CE (EV - EM) X 2 CE 
or 2 MD= * ^ =^_ ^ approx. 

i.e., Diameter of Tamas 

_ (le ngth of Earth's shadow— Moon's distance) X Earth's dameter . 
" length of Earth's shadow 

approx. 

HALF-DURATION OF A LUNAR ECLIPSE 

41. From the square of half the sum of the diameters of that {Tamas) 
and the Moon, subtract the square of the Moon's latitude, and 
(then) take the square root of the difference ; the result is known 
as half the duration of the eclipse (in terms of minutes of arc). 
The corresponding time (in ghatxs etc.) is obtained With the 
help of the daily motions of the Sun and the Moon. 3 

That is, 

Half the duration of a lunar eclipse 



= ^/ct 8 — p a minutes of arc 



= _60Xv^E &ham 
a 
where a=sum of the semi-diameters of Tamas and Moon 
p= Moon's latitude 

J=(Moon's daily motion-Sun's daily motion) in minutes of 
arc. 



1. F. Pa. *P*reftfoT fft 

2. Gh. So. M<raPlcf ; others Mw *F*RT 
*3. A. B. D. Ni. tfwnt^r 

4. A. D. Ni.' faiwf 3^ 

5. Cf, MBh, v. 74-76 (a-b) ; LBh, iv. 10-12 ; KK, I, iv. 4, 
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This gives only an approximate value of the semi-duration of 
the eclipse. To obtain the best approximation, the process should be 
iterated until the value of the semi-duration is fixed. For details, see 
M Bh, v. 75-76. 

HALF-DURATION OF TOTALITY OF A LUNAR ECLIPSE 

42. Subtract the semi-diameter of the Moon from the semi-diameter 
of that Tamas and find the square of that difference. Diminish 
that by the square of the (Moon's) latitude and then take the 
square root of that : the square root (thus obtained) is half the 
duration of totality of the eclipse. 2 

That is, 
half the duration of totality = vV— P 8 minutes of arc 



= -j= — — ghatis, 

where j^= semi-diameter of Tamas— semi-diameter of Moon 
p= Moon's latitude 

</«= (Moon's daily motion— Sun's daily motion) in minutes of 
arc. 
This also gives only a rough approximation. To obtain the best 
approximation, the process should be iterated until the semi-duration 
of totality is fixed. 

THE PART OF THE MOON NOT ECLIPSED 

fNNro^i ^ i§Rt g^rcrTf^ 3 ii *% n 

43. Subtract the Moon's semi-diameter from the semi-diameter 
of the Tamas ; then subtract whaterer is obtained from the 



1. F. transposes this verse to after 44. 

2. Cf. PSi, x. 7 ; MBh, v. 76(c-d) ; LBh, iv. 14 ; KK, I, iv. 4. 

3. Nl. The text in the TSS edn. adds ig^nTT, which is not 
warranted by the Com. of Nl. Moreover, it is metrically superfluous. 



156 GOLA SECTION [ Qota Sn. 

Moon's latitude : the result is the part of the Moon not eclipsed 
(by the Tamas). 1 

That is, 

the length of the Moon's diameter which is not eclipsed 

-=Mbon's latitude— (semi-diameter of Tamas— Moon's 

semi-diameter). 

It is easy to see that the obscured part of the Moon's diameter 
(at the time of opposition of the Sun and Moon in a partial lunar 
eclipse) 

=4 (diameter of Tamas+d'itmtttr of Moon)— Moon*s latitude, 
and hence the unobscured part of the Moon's diameter at that time 

—Moon's diameter — {^(diameter of Tamas-]- diameter of Moon) 

— Moon's latitude} 

—Moon's latitude— (semi-diameter of Tamas- semi-diameter of 

Moon). 

As stated earlier, Aryabhata I does not make any distinction 
between the time of opposition and the time of the middle of the eclipse. 
Hence the above rule, 

MEASURE OF THE ECLIPSE AT THE GIVEN TIME 

s*raftrf^H 3tTOMifo«t mm ii s « 11 

44. Subtract the ispa from the semi.duration of the eclipse ; to (the 
square of) that (difference) add the square of the Moon's 
latitude (at the given time) ; and take the square root of this 
sum. Subtract that (square root) from the sum of the semi. 
diameters of the Tamas and the Moon: the remainder 
(thus obtained) is the measure of the eclipse at the given time. 

The term ista denotes, says the commentator Sflryadeva, the 
Moon's motion (in longitude) relative to Tamas corresponding to the 
time elapsed at the given time, since the first contact, or to elapse at 
the given time before the last contact. 

Let AB be the ecliptic, the circle centred at T the Tamas 
at the time of opposition Of the Sun and Moon, CD the Moon's orbit 



1. The same rule occurs in LBh, iv. 9. 

2. A. B. C. D. F. Ni. Pa. S*. fo«*«lffiHE 



V*n*44 J 
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relative to the Tamos at T. Mi the position of the Moon at the time 
of the first contact, and M» the position of the Moon at the given time. 
MiP and MiQ are perpendiculars dropped on AB. Then 

PT denotes the semi-duration of the eclipse, 

PQ denotes the is} a, 

M 2 Q denotes the Moon's latitude at the given time, 
and LM denotes the eclipsed portion of the Moon's diameter at the 
given time. 




where 



Fig. 13 

It is evident from the figure that 

LM^(LT+M a M)-MiT, 



M l T^ v / M2Q a -fQT" 



= VM a Q 3 + (PT-PQ)». 
Hence the above. 

The i?pa is generally given in terms of time (in ghafls) elapsed 
since the first contact or to elapse before the last contact, and the above 
rule-is stated as follows : 

"Subtract the i$a (ghatls) from the ghatls of the semi- 
duration of the eclipse. Multiply that by the difference between 
the true daily motions of the Sun and Moon and divide by 
60. Add the square of that to the square of the Moon's lati- 
tude for the given time, and take the square root (of that 
sum). This subtracted from the sum of the semi-diameters 
of the Tarnas and the Moon gives the measure of the Moon's 
diameter eclipsed at the given time/' 
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The portion sthitimadhyadi&avarjitanmalam of the text is 
defective as it does not convey the correct sense intended here. A 
correct reading would have been vistasthityardhavargitanmulam. 

AKSAVALANA 

45. (a-b) Multiply the Rversed sine of the hour angle (east or west) 
by (the Rsine of) the latitude, and divide by the radius : the 
result is the ak?avalana. Its direction (towards the east of 
the body in the afternoon and towards the west of the body 
in the forenoon) is south. (In the contrary case, it is north). 1 

That is, 

Rvers H X Rsin j> 
ak$avalana=^ ~ — » 

where H is the hour angle of the eclipsed body and $ the latitude 
of local place. 

The ak$avalana is the deflection of the equator from the prime 
vertical on the horizon of the eclipsed body. 

The above formula is incorrect, Brahmagupta (A.D. 628) 
modified it by replacing Rvers H by Rsin H. 2 Better and accurate 
formulae were given by Bhaskara II (A.D. 1150). 3 

The word dik in the text means valana. 

The PaulUa-siddhanta summarised by Varahamihira gives the 
following rule : * ' ■ 

ak^avalana—-^- 



1. The same rule occurs in PSi, xi. 2 ; MBh, v. 42-44 ; LBh, 
iv. 15-16 ; KK, I, iv. 7 (as interpreted by Bhatfotpala) ; SMT, lunar 
eclipse. 

2. See BrSpSi, iv. 16. 

3. See S*& /, v. 20-21(a-b) ; //, viii. 68 ; and //, viii. 
66(c-d)-67. 

4. See PSi, vi. 8. 
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The formula of the old Surya-siddhanta summarised by 
Varahamihira is i 1 

. RsmHxRsin^ 
ak§avalana= — = , 

which is the same as given by Brahmagupta. 

AY AN AVAL AN A FOR THE FIRST CONTACT 

45. (c-d) Making use of the semi-duration of the eclipse, calculate 
the longitude of the Sun or Moon (whichever is eclipsed) 
for the time of the first contact. Increase that longitude 
by three sign 9 and (multiplying the Rversed sine thereof 
by the Rsine of the Sun's greatest declination and dividing 
by the radins) calculate the Rsine of the corresponding 
declination : this is the ayanavalana (or krdntivalana) for 
the time of the first contact. 

(Its direction in the eastern side of the eclipsed body 
is the same as that of the ayana of the eclipsed body ; in 
the western side it is contrary to that). 4 

That is, 

Rvers (M + 90°)xRsin 24° 
ayanavalana = ^ » 

where M is the longitude of the eclipsed body, the Sun or Moon. 



1. See PSi, xi. 2. 

2. A. E. transpose this verse to after 46. 

3. Govindasvami writes : faTTfsref^fa STS^f tifccftrffrlff I 

snijrcrs^T ^niw i ^55^^55^15^% i %* qJtatf^wmjT Sci*t: i So 
also writes Paramesvara : fanfiraf^aw ^c^^n^T ^^prarni^iif 
VRRfteT'f : I See Govindasvami's comm. on MBh, v. 46-47 and Parame- 
svara's supercommentary Sidhnnta-dipiku on. vs. 45. 

4. The same rule occurs in PSi, xi. 3 ; MBh, v. 45 ; KK, 1, 
iv. 7. Also see LBh, iv. 17 and SMT, ch. on lunar eclipse, where 
M+90* is replaced by M— 90°. KR, iii. 14(c-d)-15(a-b) gives a 
mixed rule. 
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The ayanavalana is the deflection of the ecliptic from the 
equator on the horizon of the eclipsed body. It is defined as above for 
the first contact because in the .case of a lunar eclipse in the eastern 
side (which is first eclipsed) the direction of the ayanavalana is the 
same as that of the Moon's ayana. The first contact is only a token ; 
for the middle of the eclipse or for the last contact, it is obtained 
similarly. 

The above formula for the ayanavalana is incorrect. It was 
modified by Brahmagupta, who replaced Rvers (M+90°) in the formula 
by Rsin (M+90 ). 1 An accurate expression for the ayanavalana was 
given by Bhaskara II (1 1 50).* 

The akfavalana the ayanavalana, and the vikfepavalana are 
required in the graphic representation of an eclipse. For the details 
of graphic representation of an eclipse according to Bhaskara I, the 
reader is referred to MBk, v. 46-47 and LBh, iv. 19-32. 

The commentators of the Aryabhafiya are of the opinion that 
the word sthityardhacca refers to the vi^epavalana. "Since the 
Moon's latitude is obtained from the sthityardha", writes the 
commentator Somesvara, "the Moon's latitude is meant by the word 
sthityardha" '. So also says the commentator Parameivara : "By the 
word sthiiyardha are meant the moon's latitude corrected for parallax 
(in the case of a solar eclipse) and the Moon's latitude (in the case of a 
lunar eclipse) which are based on that". 

Thus, according to the interpretation of the commentators, the 
verse 45 (c-d) should be translated as follows : 

"With the help of the semi-duration of the eclipse, 
calculate (the Moon's latitude for the first contact, 
reverse its direction in the case of a lanar eclipse, and 
treat it as the vikfepa)valana. 

Also calculate the longitude of the Sun or Moon (which- 
ever is eclipsed) for the time of the first contact and 
increase it by three signs and (multiplying the Rversed 
sine thereof by the Rsine of the Sun's greatest decli- 



1. See BrSpSi, iv. 17. 

2. See Si&t, I, v. 21(c-d)-22(a-b). 
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nation and dividing by the radios) calculate the Rsine of 
the corresponding declination : this is the ayanavalana 
(or krantivalana) for the time of the first contact. 

(Its direction in the eastern half of the eclipsed body is 
the same as that of the ayana of the eclipsed body ; in the 
western side it is contrary to that.)" 

The word sparse in the text means 'at the time of the first 
contact', which seems to suggest that the calculation is to be made 
for the first contact. But this is not the case. "The time of the first 
contact is only a token", writes the commentator SUryadeva. "The 
calculation of the valana should be made for the time of the first 
contact, the time of last contact, the time of the middle of the eclipse, 
and for any other desired time." 

COLOUR OF THE MOON DURING ECLIPSE 

5rapn*% wv Jsrcsiipr until *rem w*$i i 

46. At the beginning and end of its eclipse, the Moon {i.e., the 
obscured part of the Moon) is smoky ; when half obscured, 
it is black ; when (just) totally obscured, (i e. t at immersion 
or emersion), it is tawny ; when far inside the Shadow, it is 
copper-coloured with blackish tinge. 1 

In the case of a solar eclipse, the obscured part of the Sun looks 
black at every phase of the eclipse. 

WHEN THE SUN'S ECLIPSE IS NOT TO BE PREDICTED 

47. When the discs of the Son and the Moon come into contact, 
a solar eclipse should not be predicted when it amounts to 



1. 


Cf. PSi (Paulisa), vi. 9(c-rf)-10. 


2. 


Pa. gives a variant, 


wfr% 


3, 


So. KHFrw^RT 




4. 


Ni, ?g^3?PR^pB*r 




A* Bb. 23 
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one-eighth ef the Sun's diameter (or less) (as it may not 
be visible to the naked eye) on account of the brilliancy 
of the Sun and the transparency of the Moon. 1 

PLANETS DETERMINED FROM OBSERVATION 

48. Tbe Sun has been determined from the conjuction of the Earth 
and the Sun, the Moon from the conjunction of the Sun and the 
Moon, and all the other planets from the conjunctions of the 
planets and the Moon. 

What is meant is that the revolution numbers etc. of the Sun, 
Moon and the planets stated in the first chapter of the present work 
have been determined by observing the conjunctions as stated above. 

According to the commentator Somesvara, the method of finding 
the revolutions of the Sun, Moon and the planets in a yuga by 
observing the conjunctions is as follows : 

(1) Revolutions of the Sun 

Let the number of conjunctions of the Sun and the Earth, 
i.e., the number of civil days (including the fraction of a civil day) 
in one (sidereal) solar year be c. Then the number of revolutions 
of the Sun in a yuga^CJc, where C denotes the number of civil days 
in a yuga. 

(2) Revolutions of the Moon 

Let the number of conjunctions (including the fraction of a 
conjunction) of the Sun and the moon in one solar year be c. Then the 
number of revolutions of the Moon in a yuga=(c+ 1)S, where S 
denotes the number of solar years in a yuga. 



1. Cf. MBh, v. 41. 

2. Ra. sraTfacre^sr:; So. srarr^ wj 
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Alternative method. Let the number of risings of the Moon 
(including the fraction also) in one solar year be m. Then the number 
of revolutions of the Moon in a yuga—E— mS, where E denotes tbe 
number of rotations of the Earth and S the number of solar years in 
a yuga. 

(3) Revolutions of the planets (Mars, Mercury, Jupiter, Venus and 
Saturn) round the Earth 

Let the number of conjunctions of a planet and the Moon 
(including the fraction also) in one solar year be c. Then the number 
of revolutions of the planet in a yuga=M— cS, where M denotes the 
number of revolutions of the Moon and S the number of solar years in 
a yuga. 

(4) Revolutions of the fighroccas of Mercury and Venus 

Let C denote the number of civil days in a yuga, and d the 
number of days (including the fraction of a day) between "two 
consecutive ; inferior or superior conjunctions of the planet and the 
Sun. Then 

C/d-= revolution-number of the planet's itghrocca— revolution- 
number of the Sun. 

.*. number of revolutions of the planet's sxghrocca in a yuga 
= C/d +Sun's revolutions in a yuga. 

For other methods see Somesvara's Commentary, in Part II. 
ACKNOWLEDGEMENT TO BRAHMA 

H535^RS§^ 3i^ 5TW 1 SWn^l I. 

gs^rata^ *tct few ^fircjsrr II as. it 

49. By the grace of Brahma, the precious jewel of excellent 
knowledge (of astronomy) has been brought out by me by means 
of the boat of my intellect from the sea of true and false 
knowledge by diving deep into it. 



I. . AU others except Bh. and So. read ^TT for 5^"T; 



164 CONCLUSION 

50. This work, Aryabhafiya by name, is the same as the ancient 
Smyambhuva (which was revealed by Syayambhu) and as such 
it is true for all times. One who imitates it or finds fault with 
it shall lose his good deeds and longevity. 

[ % fcf *itaTO: «Wer: ] 



1. B. srefff for STT 

2. NI. *&m ; Pa. encT ; Ra. So. tow 

3. C. ff»cim^ ; F. ^f <tt$<t: 

^fof^foT?^ Sf^pfaw (in Mai., meaning 16,99,817 is the Kali day of 
the completion of the transcription). B. ^TT*f*rcto ^TTT lfa?PFMfai*n'ita'- 
SHFET: 1 C. No formal col. D. ^jf^^T4faTfwT »ft?RT5: WW^: I 
E. iftarcre: *pn«tf: i ^Tr4?rcfef qftyf «i«tt^t i F. sfa »ft*r<TT<?: i 
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(»ffnRT, 33 a) 74 
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93 
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arni^ata *n*n (»rta, 50 a) 164 
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5*s *fc! *fa?T (nf«15f, 19 a) 61 
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S*d»m*ifii cf (nta, 25 a) 133 
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93 

149 
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100 
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ngmSr i^auft (»ftfa*T, 6 d) 13 
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itm^f * («ftfiw!, 5 b) 
*jfn?a^ir «wft (ifara, 31 c) 
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g«R?TO ^TI^T: (nftm, 28 a) 71 
3* fa'I* {^foWt 3 c) 6 

(tff?WT, 5 d) 9 
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72 
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fjronjfarci wn*- (t^ri, 16 a) 57 

qroronsforf (nta> 40 a) 153 
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IpT: TOTCfen: (ifl?!, 27 a) 69 

N (*ftf?WT, 11 c) 23 

(iffol. 23 b) 130 

sqt ^9%q ?T«OT (»fta, 30 c) 141 

(tffa^T, 10 c) 22 

sngffa **J*tT (tffcWT, 10 a) 22 
fa*n ^wmft (ntf?TPT, 7 a) 15 

!R«!g*& *W>tTOT: (nta, 14 d) 123 
?l5SifeTSPrert#ar: (ifta, 41 a) 154 
(KStvw^raffr (qfatfT, 12 c) 51 
3*fo SRI^T: S3 (*ft^T, 48 d) 162 . 

(«W,10d) 95 

cTgfe tfforM^ 7 c ) 118 

afaST^FT ^ (T^cT, 7 c) 40 

SW*3HT$cqt: (lifcl, 33 c) 144 

cfr^r gsmiW (tfaa, 25 c) 68 
cnra: wftwiwwi (nta, 40 d) 153 

a*rcft fwwrrl («ffcr, 43 a) 155 

aTO^fncro (ifrs, 2 a) 114 

(ifffimn, 6 b) 13 

Hfem%qf*n^ (nfer, 1 c) 113 

(TO, 1 b) "85 
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feai sre&iJSI (*rt, 8 a) 
fcsfcr swqftfsr (*t*r, 12 c) 
*Ps<TW5HTfa (nter, 21 c) 
?«itanfoqr& (*ft«t, 23 a) 

(nK 34 a) 
fSRossi W^lftrpf (»iter, 21 b)l29 

(«ftw, 16 a) 

scar ^fan? n%s t$r 

(»fta f 20 d) 

4<r4)«niT (iftftwi, 9 d) 19 
rgfftfgiTTcf *fa»fa («FfwRT, 24 a) 67 
fSift<H>MNd1ciun (»rf9RT, 31 d) 73 

fr^sRt* m% (»itcr, 11 c) 121 

(*ita, 12 b) 122 

'Wf'niS'W^: («tfoT, 4 c) 116 
factf sra|«r ^ngfi fec?f: 

(«it*r, 10 b) 119 

Jjfa jforc (iftfirer, 7 a) 15 

qrmwrataf (nte, 30 a) 141 

qfaj; Q^WTOT (iPfW, 9 c) 44 



92 
100 
129 
130 

146 



127 



128 



TOfffcfflfal (*iH 22 c) 129 

fas* ffrorgfiRf (*m, 7 c) 92 

gpff^WNn- (*fta, 20 a) 128 

^fqTf?T?TN (ifta, 19 a) 128 

SprfaTWSB* (ifar, 18 a) 128 

SHI^on^ TO (ifhf, 46 a) 161 

BfaicfonrMr (*ftfa^T, 1 a) 1 

srfsPTOsrofira* (fw, 19 a) 105 

srf?mi¥*rc* *w (?w, is c) 105 

(^*r, 17 d) 104 

5T«mr3*Tqw?mrfeT (*rfora, 12 a) 51 

W* fr i W Mf*f«ft (ifta, 27 c) 136 
sn*|«r «npT ftr<r: (*rta, 10 b) 119 

(ifar?r, 9 b) 43 

(•for, 21d) 129 

Sfiftfa **ri *: (iftfinsr, 6 c) 13 

<?> q VsnifsqT: (tftfinrr, 12 d) 29 

(nftni, 3 b) 34 

(tffcWT, 9 a) 19 

3*r ggfero* (iftfiwsi, 4 b) 6 
TOTf^T5n«fam«3r er^wm 

(*ftf?WT, 4 d) 6 
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4. Bh. 24 
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*wnfc «f«ni: (»ftw, 46 c) 161 
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forcusN** *gx (nta, 41 c) 154 



APPENDIX I 

(WWyT*HW*ftl*. ("ft^i 45 c) 159 
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s*^irf?r: frmcf (*faT, 34 b) 146 
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(»iH 50 b) 164 
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INDEX-GLOSSARY OF TECHNICAL TERMS 

USED BY ARYABHATA 

[ Note : In each reference, the initial figures I, 2, 3 and 4 
refer, respectively, to the GitikS, Gartita, Kalakriya and 
Gola p&das and the further figures to verse numbers in the 
respective padas. ) 



3WI (=nnr) (1. degree) 1. 6 ; 
3.14 ; (2. part), 4.14 

«W (1. latitude), 4.19; (2. Latitude- 
triangle), 4.23 

Wffsm (Rsine latitude), 4.26, 35 
8HI (1. tip or end), 4.19; (2. resi- 
due or remainder), 2.32, 33 

«nn (amplitude at rising or the 
Rsine thereof), 4.30 

JNTRIT (residue-difference), 4.32 
8ltH (non-cube), 2.5 

WFgH (unit of length, l/24th 
of a cubit), 1.8 

8WT (sign of Aries), 4.25 

3Tfa*TO (greater remainder) 2.32, 
33 

aifa^iy H HI^l ' < (divisor correspon- 
ding to greater remainder), 
4.32, 33 

stfrara* (=3rfcRw), (intercalary 
month), 3.6 

gpn^smqST (eclipse not to be 
predicted), 4.47 



srg^T (direct or anticlockwise), 
3.17, 20, 21 

angsftaT (having direct motion), 

3.21 
sugsitalfa (having direct motion), 

3.20; 4.9 
3ff srtafr^T (distance between two 

planets in direct motion), 

2.31 
5RIT (difference between two 

quantities), 2,24 
3re*q* (last term in a series), 

2.19 
STOW (l. greatest declination), 
1.8 ; (2. declination), 4.24, 

26 
artRsr (subtractive), 2.28 
3C«m<is5T (=<hi<m>*W>^) (ecliptic), 

1.8 ; 4.1, 2, 3 
3T*m*T (anticlockwise), 4.16 

tnnfaft (a designation of the 
second half of the yuga), 
3.9 
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■rwim (multiplication), 2.9 
OTHT (northward or southward 
motion of a planet), 4.36 

srefflT (Sun's amplitude at rising, 
or the Rsine thereof), 4.30 

SNpfau (sunrise), 1.4 

arcfcin (=3«n), (Rsine), 2.17 

«fr (=10 8 ), 2.2 

8W? (not belonging to the varga-s 
which as ka-varga, ca-varga 
etc), 1.2 

WF*g*[ (month of Asvina), 3.4 

STCcRU (setting, diurnal or helia- 
cal), 4.13 

anRWfteinja (rising-setting line), 
4.29 

8rfftrrarafil«*>WT ( day-radius ), 
4.24, 25 

anfa or snfasR (first term), 2.19, 

20 
arpjTO (length or breadth), 2.8 
STOmwa (Trapezium), 2.8 
WW? (sidereal), 3.2 
siftF* (approximate), 2.10 
5-o^jf, see ^SBiRTftr 
S^SBjtl^T (fruit corresponding to 

iccha), 2.26 
5«e$!?TfstT (requisition, one of the 

three quantities in the rule 

of three), 2.26 
4'^qw (ascending node of the 

Moon), 4.2 



%*s (desired or given number), 
2.19 

3TO [mandocca or Sighrocca), 
1.4 ; 3.4, 20 

^^T*ft^rf^ ( anomalistic or 

synodic revolutions), 3.4 
353T*fta^T (epicycle), 3.19 

33qrfq?ft ( City of Ujjayinl, 
modern Ujjain in Madhya 
Bharat), 4.14 

^rWl (yc*WvWi) (Rversed sine), 

4.36 

^tfT (common difference), 2.19, 
20 

m<l*H (stTOW), (Sun's north- 
ward journey from winter 
solstice to summer solstice), 
4.36 

groftpift (a designation of the 
first half of the Yuga), 3. 9 

^mraft^l (^*«R*n) (Rsine ampli- 
tude of the rising point of 
the ecliptic), 4.33 

34UltdW? (heliacal rising and 
setting), 4.10 

sJHd'WM (degrees of altitude), 

4.32 
xJ*H<MM (equatorial horizon), 4.19 
^ifeffl (a series in general), 2.21 

3^TTO-^ or "fnn^TC (divisor 
corresponding to smaller 
remainder), 2.32, 33 

3nahjsn (altitude or vertical side), 
*2.6 
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flC«T (negative or minus quantity), 
3.22 

WWT (orbit), 3.14 

*WT«*W (mean orbit, deferent 
or concentric), 3. 17, 18, 21 

*ran (sign Virgo), 4.1 

jtTTSl (hemisphere), 4.23 

V«f (hypotenuse, lateral side), 
2.13.17 ; 3.25 

Hf!fT (minute of arc), 1.6 ; 3.14 

*>5fTO«in: (the 24 Rsine-differences 
in terms of minutes), 1.12 

«P5T (a period of 1008 yugas), 
1.5 

vm (time in problems of princi- 
pal and interest), 2.25 

qrofw ( computations using 
divisions of time ), 1.1 

SSffffttlTT (division of time), 3.2 

qRT$ (a day of Brahma known as 
kalpa), 1.5 

qg*l^ (terrestrial. wind), 1. 11 

ff?T (square), 2.24 

*stfs, qfcft (i. vertical side of 
a right-angled triangle ), 
2.16; (2. complement of 
the bhuja), 2.17; (3. crore), 
2.2 

*t«l (Saturn), 2.1 

WST«ra (rotations of the Earth), 
3.5 

qfU (minus, decrease, negative), 
3.22 



fsrirajTOT (Earth's shadow), 4.2 
fafasr (horizon), 4.18, 19, 28, 

30,32 
fifrfff«fT (=feffa«9T) (earthsine), 

4.26 
«fo (Bhagola, sphere of asterisms), 

3.11 

ST*f%*TT»T ( division of space ), 
3.2 

WSHier (area), 2.8 

#T (1. additive quantity) 2.28 ; 

(2. celestial latitude), see 

under fasfa 
<* (sky), 3.15; 4.6,20 
m\^ (sphere of the sky), 4.20 
*a*3rtf jpr (partial eclipse), 4.46 

SRcq (middle of the sky), 3.15 ; 

4.6 
*T'3T35 (number of terms), 2. 20, 

21,22 

iTfa?T (mathematics), 1.1 

ifir (motion), 2.31 

*Ui\rr\ i (motion-difference), 2.31 

gn^R (multiplier), 2.27, 28 

g*«T (long syllable) 3.2 

5^5? (Jovian year), 3.4 

gfclVT (a thing of unknown value), 
2.30 

iftH (1. circle ; 2. celestial 
sphere; 3. sphere), 1.1 ; 4.5 

»ftH (*T^), (automatic Sphere, 
model of the Bhagofa), 4.22 
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Vg (planet), 1.13 ; 3.8, 17, 20, 
21, 23, 25 

Vgq (eclipse), 4.37 ff. 

M^IHW (middle of the eclipse), 
4.38 

*rm (l. measure of eclipse), 
4.35 ; (2. erosion by over- 
lapping), 2.18 

^H ( 1. cube of a number ), 
2. 3 ; (2. solid cube), 2.5 

ER*ita (solid sphere), 2.7 

qfiftsre^ (volume of a solid 
sphere), 2.7 

tmfafira* (sum of the series of 
cubes of natural numbers), 
2.22 

fRI!?! (volume), 2.7 

sptwts* (Earth's centre), 3.18 

^^ (cube root), 2.5 

TO (circle), 1.6 ; 4.2 

^gT«r (quadrilateral), 2.3 

<3§*fa (quadrilateral), 2.11, 13 

m?g (lunar), 3.6 

■TON* (Moon's apogee), 1.4 

WWvt (ascensional difference), 
4.27 

«rra*rra (lunar month), 3.6 

<9W(arc), 2.11 

snqsmtj (— «m), 2.12 

faftr (sum of a series of natural 

numbers), 2.21 
fafosr* (sum of a series SS«), 

<tfl, 22 



fafiwt (square of the sum of a 
series of natural numbers), 
2.22 

BJPTT (shadow) ; 2. 14, 15, 16; 
4.5. 37, 38, 39, 40 

BJWfsHr* (length of the Earth's 
shadow), 439 

§j* (denominator), 2.27 

sfon (Rsine), 4.23 

^P (sign Libra), 4.1 

em (Rsine), 1.12; 2.9 

m\$ (=3*t, Rsine), 1.12 ; 2.11, 
12 

WT (l. Section of Earth's shadow- 
cone at the Moon's dis- 
tance), 4. 42 ; (2. Earth's 
Shadow), 4.37 

?I»ftiW (section of Earth's shadow- 
cone at Moon's distance), 
4.42 

(Ttftftc^TV? (diameter of Shadow, 
i.e., diameter of the Earth's 
shadow cone at Moon's 
distance), 4.40, 43 

mrws (Star planets, /. e., the 
planets Mars, Mercury, 
Jupiter, Venus and Saturn), 
4.2 

f?rfa (lunar day), 3.6 

fkfasrsrsr (=3HPI, i.e., omitted 
tithi), 3.6 

g*TT (sign Libra), 4.1 

fan5* (triangle), 2.6, 11, 13 
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3*lftlV (rule of three), 2.26 

tfiSTOUPT (Sun's southward motion 
from summer solstice to 
winter solstice), 4.36 

TO (half), 2.24 

fa; (=3un**B), (deflection due 

to latitude), 4.45 
fa* (=fa*H, day), 4.8 
foW (lord of the day), 3.16 
fom (=f*T, day), 3.1, 5 

ft*TOf (divine year, equal to 360 
years of men), 3.7, 8 

|WRT (designation of the first 
and the last quarters of a 
yuga), 3.9 

^ll (ecliptic-zenith distance or 
its Rsine), 4.33 

5<HHMM««SI (vertical circle through 
the central-ecliptic point), 
4.21 

Miqm (parallax), 4.34 

ipirffC (arc of the ecliptic between 
the Sun or Moon and the 
central ecliptic point or its 
Rsine), 4.34 

^wrfil(^n) (Rsine of drggati), 
4.34 

I "fa (visible celestial sphere),. 
4.23 

fr»TTFT (vertical circle), 4.21 
A. Bh. 33 



tmnfa ( twelve-edged solid, 
particularly a cube ), 2.3 

fff«t$*ra (a number which yields 
the given remainders when 
divided by the two given 
divisors), 2.32-33 

SR (additive, positive) ; (sum), 
2.19; 2.3, 6; 3.22,23,24 
ag (arc), 2.17 

TOraiPT (=W»r) (revolutions- 
number), 3.3 

f awn (Rsine of zenith distance), 
4.32 

sreTTWSiJT (=*T?T»m) (Rsine of 
zenith distance), 4.32 

TO. (hell, south pole), 4.12 

HTSTOfiwr (sidereal day), 3.5 

m (a unit of linear measure 
equal to four cubits), 1.8 

i|T$ra (sidereal), 3.5 

ftg?r( = 10 B ), 2.2 

fiTCrtra (exact), 2.7 

mtf («nfe*T, trfe^i), 3.1 

?fh( (perigee or perihelion), 3.4 

«W (1. square root) ; (2. quad- 
rant of a circle), 1.11 J 
(3. term of a series), 2.19, 
21, 22, 29 

*um<mH (greatest declination ; 
obliquity of the ecliptic), 
4.30 
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q^m^-fen W ( Rsine of thc 

greatest declination), 4.30 

HTS^S (l^W^f) ( Rsine ? f 
greatest altitude, i.e., Rsine 
of meridian altitude), 4.32 
if^IT? (periphery, circumference), 

2.7, 10 
qftfa (circumference), 2.9, 11 
qft^ (revolution), 3.4 
qr?T (ascending node) , 2.4, 9; 4. 

2,3 
qr^f (lateral or adjacent side), 

2.8, 9 
fq^ij (year of the manes), 3.7 
q^qT (east-west), 4,31 
STO^T (first contact in an eclipse), 
4.46 

5l%n«35r (eccentric circle of a 

planet), 3.17, 18, 19 
Slfa?ita (retrograde, clockwise), 

3.17, 20, 21 
5Pn*I (argument in the rule of 

three), 2.26 
*p(=10«),2.2 
Wtgm (provector wind), 4.10 
WW* (=WH) (rising point of 

the ecliptic), 4.21 
STF^mVTW (right ascension), 4.25 

sn«! (a unit of time equal to 
four sidereal seconds or 
one-sixth of a vtoatfika), 
1.6 ; 3.2 



q;?l (interest on principal), 

2.25 
qiSTTftT (fruit, one of the three 

quantities in the rule of 

three), 2.26 
13VT3& (south pole), 4.12, 16 
S^rfacia (a day of BrahmS, a 

Kalpo), 3.8 

* (=***) (asterism), 1.6; 

3. 11; 4.9, 15 
**roi (revolutions, number of 
revolutions performed by a 
planet in a yuga), 1. 3 ; 
3.2, 3, 4 
wfc* (sphere of asterisms, with 
its centre at the Earth's 
centre), 4.15, 16, 23 

xrwK. (*T*5P), (circle of the 

asterisms), 4.10 
wft«n?[ (circumference of the 

circle of asterisms), 3.12 
tnn (degree),. 4.32 
WT^TI (division), 2.4 
wn$K (*m^). (divisor), 2. 27, 

28,32 
nan (=tj5r) (lateral side of a 
right angled triangle), 2.15, 
16, 17 
^ft?r (sphere of the Earth), 4.6, 

7, 8 
injfafa**** (diameter of the 

Earth), 4.39, 40 
^€pm (Earth's shadow), 4. 38, 
39,40 



ijflCTtf (terrestrial day, or civil 

day), 3.6 
tftiT (motion, daily motion), 4.41 

1STO (compasses), 2.13 

q<H3T (circle, revolution), 3.13, 

14,17; 4.1,8 
qfa (optional number), 2.32 
x&n (1. centre, middle) 3.9, 15, 

18,21 ; (2. mean), 3. 21 ; 

(3. middle term in a series), 

2.19 
qsmr^ (mean planet), 3.21 
11&W(1 (meridian sine, i.e., Rsine 

of the zenith distance of the 

meridian ecliptic point), 

4.33 
*MW& (or FGCTS*) (true-mean 

position of a planet), 3. 

23,24 
ng (a period of time equal to 72 

yugas), 1.5 
WZ (slow, apex of slow motion, 

apogee), 1.5 
(FRPVPJI (hypotenuse associated 

with mandocca), 3.25 

*FTOtT (manda epicycle), 1. 10, 

* 11 ; 3.21 
ir^t^r (apogee or aphelion), 
1.9; 3.17, 22, 23 

mTOTO (year of men), 3.7 
*mr (month), 3,1 
*jfc (sign Pisces), 4,1 
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g?I (first term in a series), 

2.19 
«pr (1. square root), 2. 4, 24 ; 

(2. principal), 2.25 
qm& (interest), 2.25 
fo (mountain at north pole), 

1.7; 4.11, 12, 16 
ift (sign Aries), 4.1 

giT (a period of 43,20,000 years), 

1.3, 5 ; 3.3, 6, 8 
STTT* (quarter yuga), 2.10 
U>T (conjunction of two planets), 



3.3 

zft*TC (a unit of linear measure 
equal to 8000X4 cubits), 
1.6, 7 

tfama (solar month), 3.6 

Tfaw (T3H3*, ^pr?s^) (solar year), 

3.5, 7, 12 
Tiftr (1. sign), 3.14 ; ( 2. quan- 
tity ), 2.29; (3. twelve), 
3.4 
*q (one), 2.20 
*k<W> (a coin), 2.30 

5TS*;t (a hypothetical city on the 
equator Where the meridian 
of Ujjain intersects it), 1.4; 
4.9, 10, 13, 14 

STSVto* (times of rising of the 
signs at Lanka", i.e., right 
ascensions of the signs), 
4.25 

*T¥<GfrroT'5m*ifc6 (right ascen- 
sion)^^ ' . " . . 
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tpro (1. plumb), 2. 13 ; {2. 
Rcosine of latitude), 4. 26, 
29, 30, 35 



«fe (a planet in retrograde 
motion), 1.1 

i|if (1. square), 2.3, 4, 5, 14, 22 ; 
(2. odd places indicated 
by letters of the vargas 
viz., ka-varga, ca-varga 
etc.), 1.2 

*nfcrtmrc (sum of a series of 
squares of natural numbers), 
2.22 

WtT^ft (square root), 2.4, 14 

*| (year), 3.1 

tWT (celestial latitude), 1. 8 ; 
4.35, 42, 43, 44 

fonfrvi (faqfe*T), (one-sixtieth 
ofag/tff/A:5),3.1,2 

faTOftr (half-duration of the 
totality of an eclipse), 4.42 
fasftT (retrograde), 1.4 
faftqfore (difference of two 
planets, one direct and the 
other retrograde), 2.31 
fiRT (difference), 2.31 
ft** (difference), 2.15, 20; 4.33, 

34, 39 
fcgqrota ( = WRWn), (Rsine of 

latitude), 4.29, 31 
ftgq* (equator), 4.24 
flic*** (diameter), 2. 7, 9, 11 ; 
4,40 
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ftc*ttTOT (semi-diameter, radius), 

2.7, 9, 11, 14 
Tvmx (=fe*mr), (length), 2.8 
^tT (1. circle), 2. 10,11,13,17; 

(2. epicycle), 3.19,20,21 
wwrftrr^ (circumference of a 

circle), 2.10 
^1!?f (area of a circle), 2.7 
wmfMs (circumference of a 

circle), 3.19 
CT (=10»), 2.2 
*T (velocity), 3.25 
w<0lRf, 3.3 
WITH (diameter), 1.7 
snKTO (semi-diameter, radius), 
3.19, 25; 4.24 

wrgr (gnomon), 2.14, 15 ; 4. 28, 
29, 31 

VZ*m (distance of the planet's 
projection on the plane of 
the horizon from the rising- 
setting line), 4.29 

*TT (arrow, Rversed sine), 2. 17, 
18 

ffferfara (lunar day), 3.6 

frftrtrm (lunar month), 3.5 

1TISW* (Ughra epicycle), 1. 10, 
*11;3.21 

jftfit**, (stghrocca), 3.17, 22, 23, 
24 ; 4.3 



H*fa (a solid with six edges, a 
triangular pyramid), 2.6 - 
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fftnf (multiplication), 2.3, 6, 17, 

22, 23 ; 3.25 
HU*3T*T (square), 2.3 
ttroritf? (altitude of a triangle), 

2.6 
*P!<?fTTH[ (circumference of a 

circle), 2.7 
WTTO (circle), 2.11 
IWT: (year), 1.28 
3*TO (sum), 2.23 
GWHsfol (half the sum of the 
diameters of the eclipsed 
and eclipsing bodies), 4.44 
Htqrcntt (arrows of intercepted 

arcs), 2.18 
tpq (clockwise), 4.16 
trim* (total eclipse), 4.46 
*pfcm (sum of a series), 2.29 
mm* (reduction to common 
denominator), 2.27 
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?pm (designation of the second 
iSnd third quarters of a 
yuga), 3.9 

flirfs* (solar year), 3.12 

tfT (solar), 1.3 

ft^RTO (half the duration of an 

eclipse), 4.41, 44 
*m? (first contact of an eclipse), 

4.45 
*^W ( true P^et), 3.23 
C^sm, mm$z ( true-mean 

planet), 3.23, 24 
**<m^ffT ( perpendicular drawn 
on the base or the face of 
a trapezium from the point 
of intersection of the dia- 
gonals), 2.8 
|3( (cubit, measure of length), 

1.8 
jft« (lord of the hour), 3.16 



APPENDIX HI 
SUBJECT INDEX 

[ Note : — The numbers refer to the relevant pages. ] 



A.P. Series, — mentioned in Vedic 
texts, 63 ; — number of terms 
in, 63-64 ; —sum of different 
types of series, 64-66 ; — sum 
or partial sum, 61-63 

abadha (segment of the base by 
the altitude), 39 

Abhidharmakosa, on the Meru, 12 In 

Ahoratra-vrtta (day-circle), — radius 

of, 132-33 
Aksa-drkkarma of the Moon, 148- 

49 

Aksa-ksetra (latitude triangle), 130- 
32, 135, 140-43 

Aksavalana, 158-59, 160 
Almagest of Ptolemy, Tr., 18n, 21n, 
120n 

Amsa (bhaga), (degree), — measure 

of, 86, 116 
angula, unit of length, 19 
Anomalistic quadrants, beginnings 

of, 24-25 
Apasarpini, 92-93, 94 
Aphelia : See under Apogees. 
Apogees of planets, 19-22, 87 ; 

— motion of, 20-21 



2rdharatrika (midnight) system of 
Aryabhatal, 151 

Area of, —a circle, 40 ; — a plane 
figure, 42-44 ; —a trapezium, 
42-43 ; —a triangle, 38-39 

Arithmetic progression : See under 
A.P. Series. 



Arkagra, 14 Iff. 

Arkagrahana : 
eclipse. 



See under Solar 



Armillary sphere, (gola-y antra), 
113, 129-30 

Aryabhaja I,— date of birth, 95 ; 
— epoch of, blja corrections 
therefrom, 95-96 ; — midnight 
system of, 151 ; — named as 
the author in the text, 1, 33. 
For his views expressed in the 
Aryabhatiya, see under the rele- 
vant subjects in this Index, 

Aryabhata II, on : — latitude-tri- 
angles, 131; — modified Rsinc- 
difference, 30 ; — volume of a 
sphere, 42. See also Maha- 
siddhanta. 

Aryabhatiya, stated to be the title 
of the work in the text itself, 
164 
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2ryabhaftya-vyakhya by the differ- 
ent commentators : See under 
the respective commentators. 

Ascending nodes of planets, 19-22 ; 

— motion on the ecliptic, 
20-21, 114 

Ascensional difference (carardha), 
136 ff. 

Asterisms, — orbit of, 13, 14, 15 ; 

— position in relation to the 
planets, 102-3 

Astronomy, I. The solar system, by 
H.N. Russell etc., 18n 

Audaylka-tantra (—Aryabhatiya), 
28 

Automatic sphere {Gola-y antra), 
129-30 

Avarga letters denoting numbers, 
3, 4, 5 

Avarga places for numbers, 3, 4, 5 

Avantl (Ujjayinl) : See under 
Ujjayinl. 

AyOma-ksetra (trapezium), area of, 
42-43 

Ayana-drkkarma for the Moon, 
149-51 

Ayana-vaJana, 159-61 

Babuaji Misra, 7n, 20n 

Ba<java"mukha, located at the south 

pole, 122-23 
Baker, Robert H,, on 'northern 

lights, or aurora' vis a vis the 

Meru mountain, 122 
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Bakhshali manuscript, on : — A.P, 
Series, 63 ; — problems on 
travellers, 73n 

Baladeva Misra, takes Kali 3600 as 
the time of composition of the 
Aryabhatiya, 98 

Baudhnyana-sulbasntra, on square 
of hypotenuse, (Pythagoras' 
theorem), 59 

Bhaga (=amsa) (degree), measure 
of, 86 

BhSgavata-Purana, on the com- 
mencement of Kaliyuga, lOn 

Bhagola (sphere of asterisms)— 
motion of, as seen from the 
poles, 127;— nature of and com- 
putations based on, 113-27 ; 
—principal circles of, 113 ; — 
visible and invisible portions at 
any place, 126 

Bharata (battle), denoting the com- 
mencement of Kaliyuga, 9, 10 

Bhaskara I, on : — A, iii.5, 91 ; 
— A, iv.l, 114 ; — A.P. Series, 
(.4, ii.19), 62-63; — aksavalana, 
160 ; — apogees, revolution- 
numbers of, 21-22 ; — area of 
plane figures (A, ii. 9), 43-44 ; 
— area of a triangle (A, ii.6), 
39 ; —beginning of Kali, 10 ; 
— Brahman, 2 ; — composition 
of A, 33 ; — cube and cubing, 
35-36 ; — daily motion of 
planets, 106; — drkksepa, 147 ; 
— ghanacttighana, 66-67 ; — 
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gnomon, 56 ;—gu!ika (A, iUO), 
73 ; — identification of the ten 
gltikas, 31 ; —kuttakaro, 77 ; 
— kuvHyu, 28 ; —reads kvUvarta 
for bhavarta in A, iii.5, 91 ; — 
location of UjjayinI, 124 ; — 
manda and sighra epicycles, 
24-26 ; — measuring of time, 
99 ; — Meru mountain, 121 ; 
— motion of ascending nodes 
and apogees, 21 ; — nr (no), 
16; —reading of A, i.13, 32 ; 
— Rsines, 45-51 ; —sankalana 
(sum of a series), 64 ; — squar- 
ing (A, ii. 3), 34-35 ; — Sun's 
prime vertical altitude, 143 ; — 
testing of level ground {A, 
ii.13), 55 ; — triangles, A, ii.6, 
55 ; — viksepavalana, 160 ; — 
volume of a sphere, 41 ; — 
the word utkramana in A, iv.36, 
150-51 ; — writing down of 
numbers, 5 

Bhaskara II, on : — aksavalana, 
158 ; —ayanavalana, 160 
latitude triangles, 131 
location of UjjayinI, 124 
motion of the moon and the 
planets, 115 ; — Rsine diffe- 
rences, 30 j — Sighrocca of 
Mercury and Venus, 115 ; — 
volume of the sphere, 42. See 
also Bijaganita, Lilavatl, Sid- 
dhanto-'slromanu 

Bhapbda, 98 

Bhaftotpala, 20n, 34n, 89n ; 
aksavalana, 158n 



Bhoja, 98 

Bljaganita (BBi) of Bhaskara II, 
72n. See also Bhaskara II. 

Brahma{n), 1, 2 

Brahma, God, originator of the 
science of astronomy, 1,2,33, 
163, 164 ; —day of, 9, 118 

Brahmadeva, author of Karana- 
prakasa, 98 

Brahmagupta, on : — aksavalana, 
158-59 ; —ayanavalana, 160; — 
location of UjjayinI, 124-26 ; 
— volume of a pyramid, 40 ; 
— wrong reading of A, i.ll, 28 

Brahmagupta's criticism of Arya- 
bhata I on : A, iii.16, 103-4 ;— 
beginning of Kallyuga, 11-12 ; 
— drggatijya, 146 ; — Earth's 
revolution, 15 ; —Earth's ro- 
tation, 119 ; — parallax, 145 ; 
— Sighra epicycles, 27-28 ; — 
Sun's prime vertical altitude, 
143. 

Brahma-sphuta-siddhanta (BrSpSi), 
lln, 15n, 27-28, 34-35n, 37n, 
39n, 40, 41, 55n, 57-58n, 60- 
61n, 63-65n, 67-68n, 70-72n, 
74n, 79n, 99-100n, 103-106n, 
113-16n, 118n, 124n, 128n, 
143n, 145-46n, 149n, 152-53n, 
158n, 160n. See also Brahma- 
gupta. 

Brhaddevata, on A.P. Series, 63 
Brhat-jataka {BrJa), of Varaha- 

mihira, 34n. See also VarSha- 

mihira. 
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brhat-ksetra-samdsa, 60n 

Brhat-samhlta (BrSam), of Varaha- 
mihira, 89n. See also Varaha- 
mibira. 

Burgess, E., 16n, 20n, 21n, 30n 

Candrocca (Moon's apogee) : See 
under Moon. 

Carllrdhd (ascensional difference), 
135ff. 

Cardinal cities, 123 

Catesby, R., 24n 

Chatterjee, Bina, 7n, 20n 

Chord of one-sixth circle (60°) , 
44-45 

Circle (vrtfa), - area of, 40 ; — 
arrows of intercepted arcs of 
inter-secting circles, 60-61 ; — 
chord of one-sixth-circle (i.e., 
60°), 44-45 ; — circumference- 
diameter ratio, 45 ; — con- 
struction of, 55 ; — divisions 
of, 85-86; —eccentric, designed 
for the explanation of planetary 
motion, 104 ff.; — square on 
half-chord, theorem on, 59-60 

Circumference-diameter ratio, 45 
Citi, — citighana, 64-65 ; — ghana- 

citlghana, 65-67 ; — varga- 

citlghana, 65-66 

Clark, W.E.. Translation of Arya- 
bhatiya, 37, 98 

Conjunctions of planets, in a yuga, 

86 
Cube and cubing, 35-36 

A.Bb, 24 
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Cube root (ghanamnld), 37-38 

DasagitikasUtra 1-32 ; ■ — identi- 
fication of the gitikas, 31-32 

Datta, Bibhutibhushan , —on 
Brahma and Brahman, 2 

Datta and Singh, History of Hindu 
Mathematics, 37, 52n, 72n, 84 

Day(s) (divasa, dina), —civil, in a 
yuga, 91 ; —commencement of 
the first day of the yuga, 99 ; 
— measure of, 85-86 ; — of 
Brahma, 92 ; — omitted lunar 
days in a yuga, 91 ; - sidereal, 
in a yuga, 91 

Day-circle (ahoratra-vrtta), radius 
of, 132-33 

Declination of the Sun, 17-19 

Degree {amsa, bhaga), circular mea- 
sure, 85 

Demons, residing at Badavamukha, 

122-23 

Deva, —Bija correction for Saka 
444, 97 ; — on the location of 
UjjayinI, 124. See under Kara- 
naratna also. 

Dina, divasa (day) : See under Day. 

Diurnal motion, 130-31 

Drggatijya, of the Sun and the 
Moon, 146-47 

Drkkarana, probably by Jyesfha- 
deva, 98 

Drkksepa, 144-45 
Drkksepa-jya, 144-45 
Drkksepa-vrtta, 129 
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D(fimaj}4ala, 129 
Dugan, R.S., 18n 
Dussoma, 92-93 
Dvapara-yuga, 10, 11,95 
Dvigata (square), 35 
Dvivcdi, Sudhakara, 89n 

Earth, — at the centre of the 
Bhagola, 1 1 8ff. ; —bright and 
dark sides of, 117 ; — consti- 
tution of, 118, 151 ; — increase 
and decrease in size of, 118-19; 
— linear diameter of, 15, 16, 
17 ; — occupation by living 
beings all round, 118 ; — rate 
of growth of, 119 ; — shape of, 
118 ; — situation of, 118 
Earth's revolution, — number of 
revolutions in a yuga, 6, 7 ; 
— refutation by Brahmagupta, 
15 
Earth's rotation, 8, 13-15, 91, 
1 19-20 : — according to com- 
mentators of A, 8 ; — according 
to Makkibhatfa, 8 ; —ace. to 
Prthndaka, 8 ; — mention in 
Skanda-purVna,% ; —objection 
to the theory, 8 ; — refutation 
by Varahamihira, 8 
Earth's shadow (Tamas), — at the 
Moon's distance, 153-54 ; — 
calculation of the length of, 
152-53 ; — motion on the 
ecliptic, 114 ; — nature of, 
151 
Earth-sine (k&ijy*), 135-36 



Eccentric circles, — planetary 
motion explained through, 
104-5 

Eclipses of the Sun and the Moon, 
151-62 ; — condition for occur- 
rence, 151-52. See also under 
Lunar eclipse, Solar eclipse. 

Ecliptic, — motion of planets etc. 
on, 114 ff. ; — obliquity of, 
17-18 ; —position of, 113-14 ; 
— right ascensions of, 133-34 

Epicycles, —manda and tighrt, of 
the planets, 22-28 ; — plane- 
tary motion explained through, 
105 ff. 

Epoch of time-reckoning, 6, 7, 8 

Flint, Richard Foster, Glacial and 
Pleistocene Geology, 119 

Fractions, — reduction of, 70 ; 
— inversion of, 71 ; — simpli- 
fication of, 69-70 

Ganesa Daivajna, 98 

Ganita, 1, 2 

Ganita-kaumudi (GK) of NffrSyana, 

34n, 37n, 57-58n, 60n, 68n, 70n, 

71n 

Ganita-sllra-sahgraha (GSS) of 
Mahavira, 34-37n, 4 In, 59n, 
60-61n, 63n, 68n, 70-71n, 73. 
See also MahSvIra. 

Ganita-tilaka (GT) of Sripati, 34n, 
36-37n, 68n, 70-71n 

Geology of India, by D.N. Wadia, 
119n 
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Ghana (cube), 35-36 

Ghana-gold (sphere), — volume of, 

40-42 
Ghana-mvla (cube root), 37-38 
Ghana- sahkalana, 66 
Ghat a (multiplication), 35 
GitikH-pada, 1-32 
Glacial and Pleistocene Geology, by 

Richard Foster Flint, 119, 

Gnomon, — computations based 
on, 56-58 ; — description of, 
56 

Gods (dtvas), —residing at Meru, 
122-23 ; —visibility of the Sun 
for, 127 ; —year of, 92 

Gola, 1, 2 

Gola-pada, 113-64 

Gola-y antra (armillary sphere), 113, 
129-30 

Govinda-svSmi, on ; — aksavalana, 
159 ; — ayanadrkkarma, 15 In ; 
manda and slghra epicycles, 25. 
See also Laghu-Bhaskariya and 
Maha-BhaskarJya. 

Graha-cnra-nibandhana (GCN) of 
Haridatta, 97n. See also 
Haridatta. 

Grahalaghavd of Ganesa Daivajna, 
98 

Greek astronomers, — planetary 
diameters (angular), according 
to, 16 

Greek Mathematics, by Sir Thomas 
Heath, 59n 



Gulikn (unknown quantity), — cal- 
culation from given data, 72-73 

Gunana (multiplication), 35 
Gurvabda (Jovian years), 88-89 
Gurvaksara (time for pronouncing 
a long syllable), 85, 86 

Hankel, 59 

Haridatta, 97n ; on : — A, hi. 10, 
98 ; — Bija correction for Saka 
444, 97. See also Graha-cara- 
nibandhana. 

Hast a, measure of length, cubit, 

19 
Hati (multiplication), 35 
Heath, Sir Thomas, 59n 
Hemaraja Sarma, 94n 
Himalayas, rate of uplifting of, 119 
History of Hindu Mathematics, by 

B. Datta and A. N. Singh, 37, 

52n, 84 
Hora (hour), — horeia-s, 103-4 
Horizon (ksitlja), 128 
Hour (hora), — lords of the hours 

(horesa-s), 103-4 

Hypotenuse {karna), — basis for 
the triangle and the rectangle, 
55 ; —theorems based on, 
59-60 

Iccha (requisition), in rule of three, 

68-69 
Intercalary months in a yuga, 91 
Interest on principal, 68 
Jaina texts, on the Meru, 121 
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Jambudvlpa-samasa, 60n 
Jinabhadra Gani, 60 

Jovian years (gurvabda), 88-91 ; 
-^asterisms in which Jupiter 
rises, 89 ; —names of, 88 

Jupiter, — ascending nodes and apo- 
gees of, 19-22 ; — inclination 
of orbit, 17-18 ; —linear dia- 
meter of, 15, 16, 17 ; — manda 
and slghra epicycles, 22-28 ; — 
measure of orbit, 13 ; — revo- 
lutions in a yuga, 6,1 ; — 
iighrocca of, 6, 7. See also 
under Planets. 

Jyotisakarandaka, on vyatipata, 87 

Jyotiicandrika by Rudradeva 
Sharma. 86n, 89n 

Kaksy*man4ala t °vrUa, 23 ; — 
motion of planets along, 104-6 

Kala (minute of arc), measure of, 
86 

Kalakriya, 1, 2 

KalakriyH-pada (section on reckon- 
ing of time), 85-112; — signi- 
ficance of the term, 99 

Kalardhajyah (Rsine-differences, in 
minutes), 29-30 

Kaliyuga, 95 ; — commencement of, 
8-11 ; — started with the 
Jovian year Vijaya, 91 ; — 
the measure of, 8, 9-12 

Kalpa, commencement of current, 
according to Aryabha^a I, 8 



Karana-ratna (KR), of Deva, 17-19n, 
23n, 97n, 123-24n, 150n. See 
also Deva. 

Karanl (square), 34 

Karna : See under Hypotenuse. 

Kasyapa-samhita, on the division of 

the yuga, 94n 
Katapay&di system of writing 

numbers, 3n 

Kaye, G.R., 37 

Kern, H., on A, U3, 31 

Khagola (sphere of the sky), 128-30; 
— observer at the centre of, 
128-29 ; — principal circles of, 
113 

Khanda-khndyaka (KK) of Brahma- 
gupta, 7n, 17-20n, 56n, 87n, 
98, 150-5 In, 155n, 158-59. See 
also Brahmagupta. 

KrUntivalana (= ayanavalana)^ See 
Ayanavalana. 

Krjna, Lord, — leaving the Earth 
at the advent of Kali, lOn 

Krtayuga 11, 95 
Krti (square), 34 

Ksetra, — in the sense of bhdgola, 
86 ; — in the sense of a sign 
of the zodiac, 86 

Ksetraphala (area) : See under Area. 

KsitijyB (earthsine), 135-36 

Kuruksetra, 10 

Kurus, 10 

Kusumapura (Pajaliputra), 33 
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KuUSkSra (pulveriser), — ntragra 
(non-residual), 77-84 ; — sQgra 
(residual), 74-77 

Kuvdyu (terrestrial wind), 23-28 

Laghu-Bhaskariya(LBh), of Bhaskara 
I, 15n, 17-19n, 23n, 24, 25-26n, 
109n, 11 In, 115-16n,136n, 141n, 
I43n, 146n, 148n, 150n, 153 
56n, 158-59n. See also under 
Bhaskara I. 

Laghu-Bhaskariya-vyakhya, — by 
Sankaranarayana, 25 ; — by 
Udayadivakara, 25 

Laghu-imnasa (LMa) of Manjula, 98 

Lahiri, N.G, 7n, 20 

Lalla, 98 ; — on manda and Mghra 
epicycles, 24; —on the location 
of Ujjayinl, 124, See also 
§isya-dhi-vrddhida. 

Lamp-post, — problems based on, 
57-58 

Lanka, hypothetical city on the 
equator where the meridian of 
Ujjain intersects it, 119,123-25; 
— commencement of the revo- 
lutions of the planets at, 6, 7, 
8 ; — location of, 8 ; —planets 
at the beginning of the yuga, 
99 

La&kodaya (right ascension), 133-34 

Lata, a type of vyatipMa, 87 

Latitude- triangles (aksa-ksetra), 
130-32, 143 



Level ground, testing of, 55 

Lilavati (£) of Bhaskara II, 34n, 
36-37n, 42n, 57-58n, 61n, 63* 
65n, 68n, 70-71n. See also 
under Bhaskara II. 

Loka-prakasa, on the Meru, 121% 

Lunar eclipse, — Aksavalana, 15&- 
59, 160 J — ayanavalana, 159- 
61 ; — colour of the Moon, 
161 ; — eclipsed part at any 
time, 156-58 ; — half-duration 
(sthttyardha), of, 154-55, 160 ; 
uneclipsed part, 155-56 

Macdonell, A.A., 63n. 

Mahabharata (battle), — denoting 
the commencement of the 
Kaliyuga, 9, 10 

Maha-Bhaskarlya (MBh), of BhSs- 
kara I, 13n, 15n, 17-19n, 23n] 
24, 25-26n, 56n, 109n, llln, 
115-16n, 132-33n, I35n, 140- 
44n, 146-48n, 150n, 153-55n, 
158-59n, 160, 162n. See also 
BhSskara I. 

Maha-Bhaskarlya-vyakhya by Go- 
vinda-svaml, 25n, 121n, 151n 

Mahasiddh&nta of Aryabha^a II> 
30n, 36n, 42n, 61n, 63n, 68n, 
70n, 7 In, 99n, 123n, 156n 

Mahavira, — on the volume of a 
sphere, 41. See also Ganita-sClra- 
sahgraha. 

Afakarantfo-saranl, 9fo 
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Makkibhatfa, on the rotation of 

the Earth, 8 
Manda and slghra epicycles of 

planets, 22-28 
Mandaphala of planets, 106-11 
Mandocca : See under Apogees. 
Manes, —visibility of the Sun for, 

127; —year of, 92, 127 
Manjula (Mufijala), 98. See also 

his work Laghumanasa. 
Manu (yuga), measure of, 9-12 
Markandeya-purana, on the Meru, 

121n 
Mars, — ascending nodes and 
apogees, 19-22 ; —inclination 
of orbit, 17-18 ; —linear dia- 
meter of, 15, 16, 17 ; —manda 
and fighra epicycles, 22-28 ; 
— measure of orbit, 13 ; ■ — 
revolutions in a yuga, 6, 7 ; 
slghrocca of, 6,7. See also 
under Planets. 
Masa (month), 85-86 
Mali (optional number), (in 
Kuttaknra),VS. 

Matsya-purSna, on the Meru, 121n 
Mean planets, computation of, 104- 

11 
Men, visibility of the Sun by, 127 
Mercury, —ascending nodes and 
apogees, 19-22: —inclination 
of orbit, 17-19 ; —linear dia- 
meter, 15, 16, 17;— manda and 
sighra epicycle, 22-28 ; —revo- 



lutions in a yuga, 6,7; —speci- 
alities in computing. 114 ff; 
— sighrocca of, measure of 
orbit, 13. See also under 
Planets. 
Meridian of the Khagola, 128 
Meru mountain, —description of, 
121-23 ; — linear diameter of, 
15 
Minute (kald), circular division, 

measure of, 86 
Months (mnsa), 85-86 ; —com- 
mencement of the first month 
of the yuga, 99 ; —intercalary, 
in a yuga, 91 ; —lunar, in a 
yuga, 91 
Modern astronomers, on :— angular 
diameters of the planets, 16 ; 
— apogees, 20 ; — ascending 
nodes, 20 ; —inclination of 
orbits, 18, 19 ; —sidereal 
period of planets in terms of 
days, 7 ; — synodic revolutions 
and periods, 88 
Modern geologists, rate of uplifting 

of the Himalayas, 119 
Modern values, —of Rsine-diffe- 

rences, 30 
Moon, —colour during eclipse, 
161 ; — constitution of, 151; 
drggatljya, 146-47 ; —heliacal 
visibility of, 116-17 ; —incli- 
nation of orbit, 17-18 ; 
— linear diameter of, 15, 
16, 17 ; —manda epicycles 



of, 22-28 ; — measure of 
orbit, 13 ; — motion of, 
114-16, 162, 163 ;— motion of 
node, 114 ; — parallax, 147 ff.; 
— revolutions in a yuga, 6, 7 ; 
— revolutions of apogee 
(candrocca) in a yuga, 6, 7 ; 
— time of revolution, smallest, 
ICO ; —visibility at sunrise 
and sunset, 116-17; — visibility 
of the Sun for the manes who 
live on the Moon, 127. See 
also under Planets. 

Mountains, rate of growth of, 119 

Moving bodies, time for meeting 
of, 73-74 

Multiplication, 34-35 

Mula (Principal), 68 

Na (N(), unit of length, 15, 16, 
19 

Nadi (ghatf), measure of, 85, 86 

Narayana : See under Ganita- 
kaumudi. 

Nllakantha, on : A, ii.9, 44 ; — 
Kali 3600 as epoch of zero 
correction, 98 ; — location of 
Ujjayini, 125-26 ; — Meru 
mountain, 121 ; —plane figures, 
(A, ii. 9), 44 

Niragra-kuttakara ( non-residual 
pulveriser ), 77-84 

Notation by letters of the alphabet, 
3-5 

Notational places, 33-34 
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Nr (no), unit of length, 15, 16, 19 
Numbers, — manipulations of, 67 ff.; 
— method of writing, 3-5 



Omitted lunar days in a yuga, 91 
Orbit of planets : See under 

'Planets' and also under the 

individual planets* 

Pi (-jt), value of, 45 

Panca-siddhantika (PSi), of VarSha- 
mihira, 18n, 21n, 44n, 100-ln, 
103n, 116n, 117, 118n, 123n, 
127n, 135-36n, 140-4 In, 144n, 
155n, 158-59n, 161n. See also 
Varahamihira. 

PSndavas, 10 

Para-Brahman^ 2 

Parallax of the Sun and the Moon, 
147ff. 

ParameSvara, on : A, iv. 38, on 
visibility correction of planets, 
150-51 ; — aksavalana, 159; — 
identification of the ten gitlkas t 
31, 32; —Kali '3600 as epoch of 
zero correction, 98 ; — location 
of Ujjayini, 124 ; — plane 
figures {A, ii9), 44 ; — square 
(A, ii. 3), 34 ; — sthityardha, 
160 ; word 'utkramana 1 in A, 
iv.38, 150-51 

Para-'sahku (Sun's greatest gno- 
mon), 144 

Pata (nodes) of planets, —motion 
on the ecliptic, 114 

Pataliputra (Kusumapura), 33 
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Patlganita {?&), of Srldhara, 34- 
<8?a,'61n, 63-65n, 68n, 70-71n, 
73n. See also Srldhara. 

Pauliia-siddhanta, 33; on : — ak$a- 
drkkarma, 148n ; — inclination 
of the orbits, 18 ; — method 
for akfavahna, 158 

Phala ('fruit'), in rule of three, 
68-69 

Phala (interest), 68 

Plane figures in general, area of, 
43-44. See also Circle, Square, 
Trapezium, Triangle. 

Planets, —angular diameters, 16 ; 
— anomalistic revolutions, 87- 
88 ; — ascending nodes and 
apogees, 19-22 ; — bright and 
dark sides, 117 ; —computation 
of mean positions, 104-11 ; — 
computation of true positions, 
104-11 ; — conjunctions of, in 
a yuga, 86 ; daily motion of, 
106 ; —determination of the 
motion of, 162-63 ; —distance 
of, from the Earth, 111; — 
equality in the linear motion 
of, 100 ; — heliacal visibility 
of, 117; — inclination of the 
orbits, 17-19 ; — lengths in 
yojanas of the circular divisions 
in the orbits, 101-2; — linear 
diameters of, 15-17; — manda 
and Sighra epicycles, 22-28 ; 
mandophala, 106-11 ; — mean 
angular velocities, 102; -— mean 



motion ace. to Aryabhata, 7 ; 
— mean motion ace. to mo- 
derns, 7 ; — motion explained 
through eccentric circles, 104- 
5 ; — motion explained thro- 
ugh epicycles, 105-6; -motion 
of, 114-16; — motion of nodes 
of, 114 ; —non-equality of the 
linear measures of the circular 
motions, 101-2 ; — orbits, mea- 
sure of, 13-15 ; —orbits, theory 
of, 14-15 j — orbits, inclination 
of, 17-19; — position in relation 
to the asterisms, 102-3 ; — 
revolutions of, in a yuga, 6-8 ; 
Hghraphala, 106-11 ; —sighro- 
ccas of, 6, 7 ; — synodic revo- 
lutions of, 87-88; — velocity of, 
111-12 ; —visibility of, 116-17. 
See also under the individual 
planets. 

Plumb-test for vertically, 55 
Prabhavadi Jovian years, 90 

Pramana (argument) in the rule of 

three, 68-69 
Prana (time for one respiration), 

85,86 
Pratimandala (eccentric circle), 

motion of planets on the, 104-5 

Prawha-vayu (-anila), (provector 

wind), 119 
Prime vertical, 128 
Principal and interest, 68 
Prthndaka, on : —correct reading 

bhah for bham in A, i.6, 15 j 
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—justification of A, iii.16, 104 ; 
— motion of the sTghroccas of 
Mercury and Venus, 115 ; — 
supporting the theory of the 
rotation of the Earth, 8, 120 ; 
— volume of a sphere, 41 

Ptolemy, — angular diameters of 
planets, 16 ; — apogees of 
planets, 20; — ascending nodes 
of planets, 22 ; -—distances of 
the planets from the Sun 
when heliacally visible, 117; 
—'Earth is stationary', 8, 120 ; 
— inclination of planetary 
orbits, 18, 19 ; — manda and 
sighra epicycles, 23-24 ; — 
mean motion of planets, table 
for, 7 ; — synodic revolutions 
and periods, 88 

Pulveriser (kmtakara), 73-84; — 
non-residual (niragra), 77-84 ; 
—residual (sagra), 14-77 

PurSnas, on the Meru, 121 

Pyramid ($adasri), —sum of pile 
of balls in, 64-65 ; —volume of, 
39-40 

Pythagoras' theorem, 59 

Raghunatha-raja, on : — apogees, 
revolution of, 21-22 ; —ayana- 
drkkarma, 151 ; —Kali year 
3600, 96; — reads kvavarta 
for bhavarta in A, ii.5, 91 ; 
— location of UjjayinI, 126 ; 



—Meru mountain, 121; -plane 
figures (A, ii.9), 44 

Rnja-Mrganka of Bhoja, 98 

Rati (sign), measure of, 85 

Rectangle, construction of, 55 

Revolution numbers of planets, 
6-8 

Right-ascension (Lahkodaya), 133- 
34 

Romaka, hypothetical city on the 
equator, 123 

Romaka-siddhanta, 33; —Apogees, 
20 ; —inclination of the orbits, 
18 

Rotation of the Earth : See under 
Earth's rotation. 

Rsines, geometrical derivation of 
45-51 

Rsine-differences, 29-30 : —deri- 
vation of, 51-54 

Rudradeva Sharma, 86n, 89n 

Rule of three (trairasika), 68-69 

Russel, H.N., 7n, 18n 

Sabda-Brahma, 2 

Sadasri (pyramid) : See under Pyra- 
mid. 

Sdgra-kumkara, (residual pulveri- 
ser), 74-77 

Saka 444, — Bija corrections for, 
97 ; — year of zero precession, 
98 
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Sak&bda correction, 98 

Sambasiva Sastri, K., — Kali 3600 
taken as epoch of zero correc- 
tion, 38 

Samvarga (multiplication), 34, 35 

SahkalanS, 64ff. — ghana-sankalana, 
66*67 ; — varga-sank'alana, 66 

Sahkalita-sahkalita, sum of the 
series SSn, 64-65 



Safikaranarayaga, on : — end points 
of the anamolistic quadrants, 
25 ; — manda and sighra epi- 
cycles, 25 

Sahku (gnomon), — computations, 
based on, 56-58 ; — description 
of, 56 

Sahku (Rsine of altitude), 139ff. 

Sahkvagra of the Sun, 14 Iff. 

Sara (arrows) of intercepted arcs 
of intersecting circles, 60-61 

Sastri, T.S. Kuppanna, 98 

Saturn, —ascending nodes and 
apogees of, 19-22; — inclination 
of orbit, 17-19 ; —linear dia- 
meter of, 15, 16, 17 ; —manda 
and sighra epicycles of, 22-28 ; 
— measure of orbit, 13 j — 
revolutions in a yuga, 6, 7 ; 
— stghrocca of, 6,7 ; — time of 
revolution, longest, 100. See 
also under Planets. 

Sengupta, P.C, 7n, 8, 16n, 20, 21n, 

30 
Series : See A.P. Series, 



Shadow-sphere, radius of, 56 
Shamasastry, R., 87n 

Siddhanta-dipikSt of Paramesvara, 
159n 

Siddhunta-sekhara (SiSe) of Srlpati, 
7n, 20n, 34-37n, 42n, 57n, 6 In, 
63-65n, 68n, 70-72n, 99n, 103n, 
105n, 113-15n, 117-19n, 128n, 
156n. See also Srlpati. 

Siddhanta-siromani (SiSi) of Bhas- 
karall, 30n, 55n, 99n, 103n, 
105n, 113-15n, 118n, 123-24n, 
128n, 131n, 149-50n, 158n, 
160n. See also Bhaskara II. 

Siddhapura, hypothetical city on 

the equator, 123 
Sidereal division of time, 85-86 
Sighra epicycles of planets, 22-28 
Sighraphala of planets, 106-11 
Sighroccas, 8 ; — determination of 

the motions of, 163 

Sign (roii), circular division, mean- 
ing of, 86 

Sisya-dhi-vrddhida (SiDVr), of Lalla, 
23 a, 24, 25-26n, 30n, 55n, 98, 
100-102n, 105n, 109n, 11 In, 
113-19n, 122-24n,126n,128-29n, 
149n, 156n. See also Lalla. 

Sixty-year cycle of Jovian years, 
89-91 

Skanda-Purana, supports the ro- 
tation of the earth, 8 

Sky, orbit of, 13, 14, 15 
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Solar eclipse, 151-62 ; —parallax 
in, 144-47 ; —when not to be 
predicted, 161-62 

Solar system, 7n 

Solar year : See under Year. 

Somesvara, on: — A, i.13, 32 ; — 2, 
iv.4, 116; A, iv.31, 143 -—beg. 
of Kali, 10 ; — daily motion 
of planets, 106 ; — determi- 
nation of the planets from 
observation, 162-63; — identi- 
fication of the ten gitikas, 31 ; 
—Kuttakara, 79; —location of 
Ujjayinl, 124 : — Meru moun- 
tain, 121; -opposing the theory 
of the rotation of the Earth, 
120; — plane figures (A, ii.9), 
44 ; —planetary orbits, 13n ; 
— sthityardha, 160 ; — word 
utkramana in A, iv.36, 150-51 

Smart, W.M., 8n 

Sphere (ghanagola), volume of, 
40-42 

Spherical astronomy, 130-51 

Spherical astronomy, Text-book on, 
8n 

Square and squaring, 34-35 

Square root (vargamula), 36-37 

Srtdhara, on the volume of a 
sphere, 42 

Sripati, — on the volume of a 
sphere, 42. See also Ganita- 
tilaka, Siddhanta-sekhara. 

Stars, apparent motion of, U9-20 



Stewart, J.Q., 7n, 18n 

Sthityardha : See under Lunar 

eclipse. 
Sumati, 30 
Sumatikarana of Sumati, 30n 

Sumati-maha-t antra (SMT), 158n, 
159n. 

Sumatitantra of Sumati, 30n 

Sun, —Arkagra, 141 ff. ; —consti- 
tution of, 151 ; — declination 
of, 17-19 ; — determination of 
the motion of, 162 ; — drggati- 
Jya, 146-47 ; —eclipse of, see 
under Solar eclipse ; — linear 
diameter of, 15, 16, 17 ; — 
manda epicycles of, 22-28 £ — 
measure of orbit of, 13 j — 
motion along the ecliptic, 114 ; 
—para-sahku (greatest gnomon), 
144 ; —parallax of, 147AF.; — 
revolutions in a yuga, 6, 7 ; 
— visibility for the gods, manes 
and men, 127. See also under 
Planets. 

Snryadeva, on : A, ii.9, 91 ; —A t 
iii. 22-23, on the computation 
of planets, 110; A, iv.31,143; — 
apogees, revolution of, 21, 22 ; 
— beginnings of the anomalistic 
quadrants, 25n ; — drggatijya, 
146 ; — examples on triangle, 
A, ii.6, 55 j — God Brahma 
1-2 ; ^-golayantra, 129-30 ; — 
identification of the ten gitikas, 
31 ; — Kali year 360Q, 96 j — 
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Kali 3600 as epoch of zero 

correction, 98; —ku\\akara, 11\ 

— location of Ujjayini, 124- 

25 ; —plane figures, (A, ii. 9), 

44; — valana, 161; — word 

utkramana in A, iv.38, 150-51 

j 
Surya Narayana Siddhanti, 90n 

Surya-siddhanta (SnSi), 30, 55n, 92, 
100-ln, 111, 113n, 128n ; — 
Tr. by E. Burgess, 20n, 2 In, 
30n 

Surya-siddhanta (Old), 33 ; —on 
aksavalana, 159 

Susama, 92-93 
Svuyambhuva-siddhanta, (BrShma- 

siddhanta) t 33, 164 
Syamantapancaka, 10 

Taitttflya Samhita, —on A.P, Series, 
63 

Taliaferro, R.C., 18n, 20n, 21n, 24n, 
120n 

Tatpara (Third of arc), measure of, 
86 

Tamas (Earth's shadow) : See under 
Earth's shadow. 

Tantra-sahgraha (TS) of Nilakantha, 
156n. See also Nllakantha. 

TattvUrthadhigama-sutra, 60n 

Text-book on Astronomy, by C.A. 
Young, 119 

Text-book of General Astronomy, by 
C.A, Young, 22n 



Texi'book on spherical astronomy, 
by W.M, Smart, 8n. 

Theon of Alexandria, 37 

Third (tatpara), in circular division, 
measure of, 86 

Three, rule of, (trairSsika), 68-69 
Time, — divisions of, 85-86 ; — 
measuring of, 99 ; — reckoning 
of, 85-1 12 ; — without begin- 
ning or end, 99 

Tithipralaya (omitted lunar days), 

91 
Traira'sika (rule of three), 68-69 
Trapezium, area of, 42-43 
Treta-yuga, 95 

Triangle (tribhuja), —area of, 38- 
39 ; — construction of, 55 

Tribhuja (triangle) : See Triangle. 

"Trisatika (Tri's), of Sridhara, 42n. 
See also Sridhara. 

True planets, computation of, 

104-11 
Twelve-year cycle of Jupiter, 88-89 

Tycho Brahe, angular diameters 
of planets, 16 

Udayadivakara, on -.—beginning of 
the anomalistic quadrants, 25 ; 
— correct reading bhuh for 
bham in A, i.6, 15 ; —manda 
and slghra epicycles, 25 

Udvartana (multiplication), 35 
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Ujjain, (Avanti), —meridian at, 8 j 
— situation of, 123-26 

UmSsvSti, 60. 1 

1. Umasvati is reputed to be 
one of the greatest metaphysicians 
of India and is held in high esti- 
mation by the two main sections 
of the Jainas. Unfortunately, his 
time and place of birth have not 
been settled definitely. According 
to the tradition of the Svetambara 
Jainas, Umasvati was born in the 
now forgotten city of Nyagrodhika. 
His name is said to have been a 
combination of the names of his 
parents, the father Svati and the 
mother Um5. He was the disciple 
of the saint Ghosanandi. He 
lived about 150 B.C. His disciple 
Syamarya or SySmScarya, the 
author of the Prajnapana-sutra, is 
said to have died 376 years after 
Sri Vlra, that is, in 92 B.C. and 
his earliest (commentator is said to 
have been Siddhasena Gani, or 
Divakara who lived c. 56 B.C. The 
Digambara tradition, on the other 
hand, sometimes, even changes his 
name and thinks it to be 
Umasvami, not Umasvati. Accord- 
ing to it, he lived from 135 A.D. 
to 219 A.D. Satish Chandra Vidya- 
bhushan is of the opinion that he 
flourished in the first century A.D. 
All are, however, agreed on one 
point, viz., that Umasvati resided in 
the city of Kusumapura (modern 
Patna). 



Unknown quantities, — from equal 
sums, 72-73; —from sum of all 
but one, 71-72 

Utkramana, word in A, iv.36, inter- 
pretation of, 150-51 

Vtsarpinh 92-93, 94 

i 
Vaidhrti, a type of vyattpata, 87 

Vaiasaneya Samhita, on A. P. 
Series, 63 

Varahamihira, 18, 20, 117 ; —on 
akfavalana, 158, 159; —on the 
location of Ujjayini, 125-26 ; 
— refutation of the rotation of 
the Earth, 8, 119. See also 
Brhat-jStaka, Brhat-samhita, 
Panca-siddhSn tika. 

Varga (square), 34-35 

VargaAetteis denoting numbers, 3-5 

Fiwga-places for numbers, 3, 4, 5 

Vargamula (square-root), 36-37 

Vargana (square), 34 

Varga-sahkalann, 66 

Varsa (year) : See under Year. 

Vasitfha-siddhanta, 33, 117 

Vasubandhu, 121 n 

Vafesvara, — justification of A, iii. 

16 against Brahmagupta, 104 ; 

—reply to Brahmagupta on the 

concept of the yugas, 12 
Vateivara-siddhanta, 12n, 113-15n, 

122n, 128n 
Vnyu-purSffa, on the Meru, 121n 
Vedanga-Jyautifa, 87n 
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Venus, — ascending nodes and 
apogees, 19-22 ; —inclination 
of orbit, 17-19 ; —linear dia- 
meter, 15, 16, 17 j — manda 
and sighra epicycles, 22-28; — 
revolutions in a yuga, 6,1 \ — 
revolutions of sighrocca in a 
yuga, 6, 7 ; — sighrocca of, 
measure of orbit, 13 ; — 
specialities in the computation 
of, 114 ff. See also under 
Planets, 

Vertically, testing of, 55 

Vijayadi-varsa (sixty-year cycle of 
Jupiter), 89-91 

Vikala (second of arc), measure of, 
86 

Vinaiika (vighatl), measure of, 

85,86 
Visnu-purtoa, on the Meru, 121n 
Visvanatha, on Kali year 3600, 96 
Vowels, denoting numbers, 3, 4, 5 
Vrtta (circle) : See under Circle. 
Vyatipata, 86-87 ; — in a yuga t 

86-87 
Wadia, D.N., Geology of India, 

119. 
Water-test for level ground, 55 



YSvakaraiia (squaring), 34 

Yavakotj, hypothetical city on the 
equator, 123 

Year {abda, varsa), 85, 86 ; — 
commencement of the first year 
of the yuga, 99; — measure of, 
15 ; —of gods (divine), 92 ; 
— of manes, 92 ; —of men, 
92 ; — solar, in a yuga, 91 

Yojana, 19 

Young, C.A., — on the motion of 
Mercury, 22n; —on thfc growth 
of the Earth, 119 

Yudhisthira, lOn 

Yuga, — abraded, with correspon- 
ding revolutions, 94 ; — ano- 
malistic revolutions in, 87-88 ; 
— commencement of, 99 ; — 
commencement of the current, 
6, 7, 8 ; — divisions of, 92-94, 
95 ; — Jovian years in, 88 ; — 
length of, 92 ; — revolutions of 
planets in, 6-8 ; — synodic 
revolutions in, 87-88. See also 
under the individual yugas. 

Yuga of five years, vyatipatas in, 
87 

Zero-point of time reckoning, 6 
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